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Khan  • person  le  uked  to  generete  s randoa  series 
of  resposBSB  be  doss  not  respond  rsndoBly  (Bsksn,  19fiO)< 
Inetesd,  ha  azblblts  s serial  rsapoase  patterning  oharso- 
tarlzed  bp  sen nentlal  constraint  In  vblob  anjr  glren  responea 
Is  influsnead,  to  a graatar  or  lesser  extent,  by  previous 
raeponsas  (preaponses).  Iha  laportanee  of  sequential 
oonetralat  baa  been  reported  for  a nuabar  of  buaan  aotlvl- 
tles.  doodfellov  (193S)  has  shown  that  saquentlal  raspoosa 
eonetralnt  aooountad  for  nany  of  the  "slgnlflesnt"  results 
of  the  Zenith  radio  experlnent  in  telepathy.  Senders  (1953) 
has  desonstratad  the  presanoe  of  sequential  eonstralnt  in 
the  setting  of  psyohophysloal  aiparlacntatlon.  Anderson 
<19^1  has  dlaousaed  the  effaots  of  sequential  response 
eonatrslnt  on  asyoptotlo  response  levels  In  the  probability 
learning  situation. 

In  general,  theas  Invaatigatlona  suggeat  that  the  aeount 
of  aeqnentisl  oonetralnt  batwsan  preeponee  and  responss  Is 
dataralnad  by  the  oharsatarlstlos  of  feedbaolc  given  to  the 
Individual  about  the  outaoss  of  his  rssponsea.^  Two  prlesry 

'snglish  and  Bigllsh  (1958)  define  "fesdbaok’  as  , 
signaling  of  the  degree  of  perfomanoa  or  nonperforasnoe  of 
an  operation."  In  tbs  present  study,  the  oneratlon  to  be 
axaalned  la  rasponee.  Ihe  algn»llng  to  be  examined  le  the 
ooneeQuenee  of  responding. 


□luraotailstleB  of  faed^aok  appsar  to  inflaanci  tha  aequan* 
ttal  oonatraint  of  praaponea-raaponaa  aontlagaaolaai  (1) 
tka  Lnfornational  oharaotariatloa  of  faedbaoki  aod  (2)  tha 
avaloatlTo  oharaotariatioa  of  faaibaek.  Ihla  diatlnotlon 
batvaen  Infonatlon  and  avaltiatlen  nap  ba  olarlfiad,  opara- 
tienallf,  bf  eonaldaring  two  faadbaok  altuatlona. 

Suppoaa  that  whan  a paraon  glvaa  a raaponaa  ona  of  two 
faadbaok  algnala  la  arataaatloally  fortUoonliigi  (1)  a varbal 
raaponaa  of  'Blshf  or  (2)  tba  praaantatlon  of  a trlangla. 

Botb  of  thaaa  faadbaok  algnala  ara  aquallj  Infonatlva  in  tba 
aanaa  of  aatabUablng  a daftnlta  raaponaa»faadbaek  oontin- 
ganof.  HowaTar,  unlike  tha  trlangla,  tha  rarbal  algnal  of 
"Right"  oonnotaa  a aanaa  of  araluatlra  pralaa.  1 third  poa- 
albllitjr  alao  la  Inpllelt  In  the  altuatlon  deaorlbad  abora. 
Suppoaa  that  a raaponaa  la  followad  bf  no  apateaatlo  faadbaok 
algnal  froa  the  anelronoant.  In  thla  eaaa,  tha  paraon  it 
fnnetlonlng  In  what  amj  ba  oparatlonallf  dafinad  ae  tha  abaanoa 
of  axtamal  faadbaok,  a oondltlon  whioh  la  neither  avaluatlra 
nor  Infersatlaa. 

Studies  of  norsal  parsons  Indloata  that  tha  abaanoa  of 
axtamal  feedback  aanlntaea  tha  sequential  eonatrsilnt  of 
prsaponsa-Taspoaae  oontlngenolea.  Sandsra  and  Sowards  (1952), 
In  ravlawlng  the  literature  for  nomala,  found  alaoat  oonplata 
support  for  this  aazlalslng  effaot  In  aeqaantlal  ordering  ton- 
danolea  aeaoolated  with  psyobophfaloal  Judgaants.  Tor 
psfohlatrle  patients,  faoorajmakl  (19*1)  has  suggaated  a rala- 
tlonahlp  between  payobotlo  Illness  and  tha  saquantlal  ordering 
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fouBd  that  tha  praaponaa^Taaponaa  centiagaBaiaa  of  pafebotloa 
■bowad  "...  a dlffaraat  principal  of  aalaotlon"  froB  that 
aspleyad  b;  noraale  ( faaorXTnBkl , 1941,  pp.  409-406).  Hov- 
arar.  Sklnntr  (1942)  crltleliad  both  tha  aathod  of  this 
Btud;  and  tha  rathar  ooaplax  Intarpratatlon  of  rasponaa  oon- 
tlnganelaa  aa  "prlnolplaa  of  aalaotlon."  Bklnnar  euggaatad 
that  all  of  tha  findings  eoBld  ba  azplalnad  bf  a tingle 
atatanent,  ",  . . the  papohotto  dlffara  froa  tha  aorsal  In 
being  unlnfluenoad  b;  bla  own  past  babaTtor”  (Sklnntr,  1942, 

P.  502). 

Stodlaa  of  nozval  Indlvldusla  funotlonlng  In  tha  praaanoa 
of  InforaatlTB  feadbaek  auggast  that,  ovar  a long  aarlea  of 
trlala,  tha  fraquanof  of  an;  glran  raaponaa  la  proportional 
to  the  rniBbar  of  differential  faadbaok  erents  whloh  are 
aasoolated  with  that  raaponaa  (Srant,  B^a,  and  Homaath, 

1951|  Eataa,  1959).  HovaTar,  indaraon  (1960)  raportt  tha 
failure  of  learning  Bodala,  baaed  on  thla  raaponaa  paradlgn, 
to  pradlot  the  aarnptotio  lavela  of  piBsponaa-raipenaa  eontla- 
ganof.  Hake  and  Hrsan  (1953).  Bannatt,  ?ltta,  and  Soble 
(1954),  and  Andaraoh  (1960)  all  report  that  nonal  aubjacta 
(Sa)  do  not  raapond  antlralr  on  tha  baaia  of  faadbaok  Infor- 
aatlon.  Ihay  found  that,  aran  la  tha  praaanoa  of  Inforaatlve 
faadbaok,  ^ used  tha  aaquantlal  raaponaa  ooatlnganolas  of 
tbalr  own  prarlouB  baharlor  aa  an  affaotlta  detainlnant  of 
fntura  raaponata. 


Ihe  affeoti  of  InfonotlTS  faodbock  on  tniuontlal 
oonsO^int  In  psfohopnthologlo  lllnois  are  not  roportad 
In  tbe  litarature. 

Studlas  of  tiia  anluatlTO  eharaotarlatlon  of  faadbaeSc 
hava  not  bean  daslgnad  In  auob  a va;  aa  to  raraal  tha  sa^uan- 
tlal  nature  of  raoponaa  contlnganop,  HovaTor,  indlraot 
arldasoa  la  provtdad  In  tha  lltemtura  of  Inatruaantal 
laamingi  Qenparlson  of  nomal  with  pa^ohotlo  groupa  indl- 
oataa  that  evaluative  faadbaok  la  not  aquallr  faellltatlva 
of  tha  learning  prooaaa  In  both  groupa  (Sanaa]',  1952;  Oehan, 
1956;  Athlnaon  and  Roblnaon,  19d1),  While  thaaa  invaatlga* 
tore  dleagraa  about  tha  epaolfle  affaote  of  poaltlva  and 
nagatlva  evaluation,  there  la  ganoral  agreaaent  that  both 
forna  of  evaluative  feedback  ara  laaa  faellltativa  of  learn- 
ing for  papahotlo  than  for  nonal  Indlvlduale,^ 

la  overview  of  thaea  Invaatlgatlona  auggaata  that  the 
anount  of  aaquantlal  roaponae  oonatralnt  batwaan  prlaponae 
and  raaponaa  la  dataralnad  b;  the  Infonatlonal  and  evalua- 
tive oharaotariatlea  of  faedbaok.  Sequential  oonatralnt  la 
naxlmlaad  bp  the  abaenoa  of  external  faedbaok  and,  under  thaaa 
oendltlone,  raaponaa  oonatralnt  la  laaa  pronounoed  for  pap- 
ohotlo  than  for  noraial  Indlvlduala.  The  preaaaaa  of  Inforna- 
tlva  faedbaok  tenda  to  reduoa,  but  not  allnlnata,  aaquantlal 

Oontrovarap  In  the  literature  oonoarna  tha  relative 
faolUtatlon  aasoolated  with  poaltlva  and  with  negative 
evaluation.  Ihe  praaent  atudp  waa  dealgnad,  net  to  oonpare 
the  relative  effaota  of  thaaa  tvo  tppea  of  evaluation,  but 
to  Invaatigate  the  affeota  of  evaluative  faedbaok,  2S£ 
ea  oonpared  with  perfonanee  under  oondltlone  of  nen- 
avaluatlve  faedbaok. 


oonstrmlnt  In  tha  praaponee-res^na*  oontlnganolaa  of 
nornala.  Srldanoe  auggaata  that  tha  praaanoe  of  eraluat- 
tiva  oharaotarlatloa  In  faadbselc  algnala  la  aaaoolatad  Kith 
dlffaraaoaa  In  the  effiolano;  of  tnetruBeatal  learning  for 
normal  and  aohlzophranie  groupa.  Howarar,  it  ahould  ha 
aaphaalrad  that  no  dlreet  erldenoe  la  available  eonoamlng 
tha  effaeta  of  Information  or  evaluation  on  eequentlal  ra^ 
ponae  aonatralnt  In  pajrohopathologlo  lllneaa. 

Tha  preaent  lovaatlgatlon  «aa  dealgned  to  atudy  raa- 

aonatralnt  of  preaponae-reeponse  oontlnganelaa  aa  the  prlaary 
dependent  variable.  Sreupa  of  normal,  payehonaurotio  and 
aehlzophrenle  Sa  Kara  aahed  to  generate  a sarlaa  of  oholeea 
imdar  three  condltlona  of  feadbaokt  (1)  the  abaanoe  of 
aztamal  faedbaalCi  (2)  tha  praaanoe  of  evaluative  faadbaok, 
(3)  the  preaenoe  of  non-avaluatlve  feedbaok. 

Data  obtained  In  the  abaanee  of  external  faadbaok  pro- 
vided a atabla  eatlaata  of  eequentlal  raaponaa  eonatralnt 
with  uhloh  to  oonpara  the  effeota  of  evaluative  and  non- 
avaluatlve  faadbaok.  In  addition  tottmlr  uae  aa  a baaellne, 
theae  data  ware  employed  In  examining  tha  following  pre- 

Hypothaala  Is  Tha  Abaanoe  of  External  Feedbaok 

1.  All  groupa  of  aa  are  maximally  aensltlva  to  their 
asm  prevloua  behavior.  Therefore,  relative  to  pesrfomanoe 
In  tha  preaenoe  of  both  evaluative  and  non-evalsiatlve  faad- 


baok,  tha  abaanoe  of  feedbaok  will  ellolt  the  hlgheat  lavala 


or  sequaatial  oonafcrttlnt  In  praspeniv-rasponn  oontlngen. 
olas  for  all  groups. 

2,  Sohlzophrenlo  patlants  will  be  relatlTeljr  Inien. 
altl»a  to  their  own  preTloue  bahartor  and  elU  exhibit 
lerela  of  sequential  oonstralnt  which  are  loirer  than  those 
dlsplafad  bx  nonals  and  psxohoneurotlo  patients. 

3.  Insensltlvltj  to  pretleua  behaflor  In  the  abaenoa 
of  external  faedbsoic  Is  a speolflo  eonoosltant  of  pexobosls 
and  Is  not  a charaoterlstlQ  of  psyoboneurotlo  Illness. 
Thersferst  the  sequential  oonstralnt  of  psyoboneurotlo 
patients  MU  exossd  that  of  sohlzophrenlos. 

The  absenoe  of  external  fsedbaek  is  assuaed  to  proMde 
no  systeaatlo  atlnulus  In  the  envlronsent  to  ooapete  Mth 
prosponeea  for  the  control  of  responding.  HowsTori  the 
Introduotlon  of  feedback  oreates  a situation  In  which  Infor- 
Batlon.  oonveyed  by  external  response.feedbaok  oontlrigencles. 
Is  pitted  against  Ss  own  presponse-response  oontlngenolos  as 
a potentially  effeotlse  stleulus  for  future  responses.  By 
randoslxlng  and  equating  the  Inforsatlenal  characteristics 
of  eraluatlTe  and  non-sTaluatlTe  feedback,  the  design  of  the 
present  study  separated  the  speolflo  effects  of  sraluatlon 
free  the  general  effeots  of  Inforaatlon.  This  separation 
allowed  a test  of  the  foUoMng  additional  prodlotlona. 
Hypothesis  2i  The  Presence  of  Evaluative  Feedback 

1.  The  sohlzophrenlo,  In  atteapting  to  disregard 
evaluation,  laolataa  hiaself  fron  the  infoewati nn  oonveyed 
by  response-feedbaok  oontlngenoles.  Thus,  la  e 


rsproduoes  noo-feadbaek  eondltlona.  Therafers,  In  oon- 
parlaon  with  noo-patlant  and  payebonaurotlo  Ss  tha  aehlzo- 
phranlo  patlant  will  be  relatively  untnflueRoed  by  evalua- 
tlva  faadbeek.  aa  Mill  tend  to  maintain  the  level  ot 
aaduentlal  reaponse  oonetralnt  aaaoolated  with  parforaanoe 
In  the  absenoa  of  external  feedbeoh. 

2.  Wlthdranal  from  evaluative  feadbaek  la  a epaelfle 
oonooBltant  of  payohoala  but  not  eoEiion  to  all  psyohopetho- 
loglo  lllneaa.  Evaluation  enhanoas  the  effeote  of  Informa- 
tion on  the  perfomanoe  of  both  normal  and  pxyohoneurotlo 

for  theee  groups,  oomparleon  alth  noiwfeedbaek  par- 
foraanoe  will  show  a ohange  In  aeduantlal  oonatralnt  uhloh 
oorrasponds  with  the  Information  conveyed  by  evaluative 
feadbaek. 

Bypotheels  Ji  The  Presenoa  of  Hon-evaluatlva  Peedbaok 

1.  dll  groups  of  Ss  will  exhibit  a ohange  In  sequential 
constraint,  corresponding  to  feedback  Information,  as  com- 
pared with  their  own  perfomanoe  In  the  absence  of  feedback. 

2.  Unlike  evaluative  feedback,  feedbaok  without 
evaluative  characteristics  does  not  produce  high  levels  of 
anxlsty  and  consequent  withdrawal  In  eohlxophrenle  patients, 
fhua,  sohlzophrenlo  Insensitivity  to  previous  behavior  (as 
exhibited  In  the  absence  of  feedback),  ooDblned  wlUi  random 
feedbaok  Information,  will  reduce  the  sequential  response 
oonatralnt  of  schizophrenics  below  the  level  exhibited  ^ 
normals  and  psychoneurotle  3s. 


3.  Nonul  BDl  payobonsurotlc  Ss  Bodlf;  thalr  bahavler 
to  oorrespond  Mth  non-avaluatlTs  fsodbaok  liifoniation» 
Bowerar,  faadbaok  althout  avaluatlTa  oharaoterlatloa  la 
lasa  affaotlTa  Id  raduelag  aanaltlTlty  to  prarloua  behavior 
than  la  faadbaok  with  avalnatlve  choraotarlatloe  for  thaaa 
two  groope.  ThU8i  aaquentlal  raeponaa  oenatralnt  In  Uie 
presanea  of  non-evaluatlva  faadbaok  will  axoaad  the  aaquan- 
tlal  constraint  whleh  thaaa  groopa  exhibit  In  ttia  praaanoa 
of  evaluatlva  faadbaok. 
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Subjaets 

The  in  this  Btudf  oonslBtsd  of  thres  groups, 
equated  for  age,  ssz,  and  eduoational  attalnoent.^  The 
Homal  group  oonelsted  of  ZO  persons  who  were  not,  and  had 
not  been,  hospitalised  or  treated  as  outpatients  for  anp 
psyohlatrlo  lUness.  BoUi  patient  groups  were  asleoted 
froa  the  Inpatient  parohlatrlo  u2ilt  of  the  Unlrersltr  of 
Florida  Teaehlng  Bospltal.  The  Se  were  between  ZO  and  55 
Tears  of  age,  and  non  edilblted  oentral  nervous  srstea  !■- 
palnoent. 

^s  la  the  two  patient  groups  were  olaaslfied  on  the 
basis  of  admission  and  dlaoharge  diagnosis.  The  PsToho- 
neurotle  group  oonelsted  of  ZO  inpatients  for  whoa  Initial 
evaluation  and  dlaoharge  diagnosis  established  the  presenoe 
of  psTOhonaurotlo  Illness  and  ezoluded  the  presenoe  of  pep- 
ohotlo  Bsnlfeitatlons.  The  Sohlsephrenlo  group  oonelsted  of 
ZO  Inpatlente  for  whoa  both  of  these  evaluations  established 
Idle  prassnoe  of  aohlsophranlo  illneae,  Por  all  patients,  the 
ourrant  hospitalisation  was  their  first  for  peFOhiatrlo 


BUmarf  of  pertinent  actuarial  eharaoterlstloa  for 
groups  Is  given  In  Table  1,  Appendix  A lists  the  age,  sex, 
eduoatien,  hoapltallsatlon  and  apeolfle  diagnosis  of  esoh 


Both  patient  groups  mre  heterogeneous  In  terms  of 
the  variety  of  speelflo  diagnoses  oontalned  In  each  (e.g., 
depresslTe  reaetlonsi  simple  sohlzo^irsnle  reaotlonsi  ete.). 

In  Uils  respect,  the  patient  groups  were  repreaentatlTS  of 
the  UnlTerslt7  of  Florida  Teaching  Hospital  Inpatient  hos- 
pital population  erer  the  peat  three  Fears  (Ruffin,  Coggins 
and  Dowls,  1964),  For  this  reason  It  Is  llkslj  that  Uie 
two  patient  samples  roughlF  approximate  slollarljr  Identi- 
fied groups  In  other  Inpatient  units  whloh  treat  acute 
psFOhopatbologio  lUneas.  The  heterogeneltr  within  the  two 
patient  groups  also  could  t>e  expected  to  weaken  'groups*  as 
an  Independent  rarlable,  so  that  anj  otserrad  differences 
between  the  groups  would  be  all  the  more  significant, 

Haterlals 

Katerlala  consisted  of  a two-button  response  panel, 
a dlscrete-ewsnts  raoorder,  and  a pack  of  67  cards,  each  of 
whloh  was  Imprinted  with  either  a red  or  a blue  elrele.  The 
response  panel  was  a box,  6x9x3  Inohee,  on  which  were 
mounted  two  equal-slsed  buttons,  Panel  and  buttons  were 
painted  flat  black.  The  operation  of  each  button  was  reoorded 
autonatlcallj  and  separatelF  bj  a dlsorate-STsnts  raoorder, 

Prooedure 

Three  experimental  oondltiona  were  amploredi  (1)  non- 
feedbaok  (the  Initial  oondltlon  for  all  Se),  (2)  eraluatlre 
faedbaOk,  (3)  non-aealuatlve  feedback,  -iaeh  ^ wae  teeted 


IndlTldiiallji  ths  ^ being  icated  before  the  rssponae  panel 
and  facing  the  experlinenter  (£),  aictr-seren  trials  were 
obtained  under  eash  feedbaok  oondltlen. 

In  the  Initial  non-feedbaok  oondltlon,  J asked  £ to 
press  elMer  of  the  tup  buttons  on  the  response  panel.  Ihe 
oholee  eas  up  to  After  this  initial  selsetloni  E again 
asked  3 to  press  either  of  the  tso  buttons.  At  this  point. 

S Instructed  J to  oontlnue  pressing  buttons  until  stopped 
b;  In  this  task,  and  In  the  additional  tasks  desorlbed 

below,  ^8  were  allowed  to  proeeed  at  their  own  pace.  All 
questions  about  whleh  button  to  press  were  answered  b7  £ 
stating  that  there  was  no  right  or  wrong  war  suing  about 
tha  taak,  and  that  £ was  Interested  onlr  In  what  J did,  not 
In  anr  right  or  wrong  war  of  pressing  ths  buttons. 

This  prooadure  permitted  en  ersluatlon  to  be  mads  of 
the  affeets,  on  sequential  eholos  behavior,  of  any  pre« 
established  set  or  habitual  reeponee  tendenelea  aseoolated 
with  3* a prior  axperlenoee  or  wlUi  tha  nature  and  Instruotlons 
of  %e  task,  it  provldsd  a asane  for  diffarsntlatlng  tha 
sffsets  of  sequential  reaponse  tandenoles,  assoolated  with 
speolflo  oondltlone  of  external  fsedbaok,  from  tha  affaots  of 
those  tendencies  which  ooourred  in  the  absenoe  of  any  eys- 
taaatlo  faadbaok  from  the  external  enTlroment. 

‘*Coaparlson  of  the  total  ties  required  to  ooaplate  the 
task  failed  to  yield  systenatio  dlfferenees  asiong  diegnostlo 
groups  for  any  of  tha  three  fsadhaok  oondltlone. 
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After  slxty-aeren  trials  had  bean  adalnlstarad  usdar 
non-feadbaolc  oondltlensi  aaoh  of  the  three  groups  was 
dlTlded  In  halft  with  one.half  of  the  ^e  reeelTlng  evalua- 
tire  faedbeok  and  the  other  half  reoelrlng  noik-araluatlTe 
feedhaoh.^ 

In  the  ewaluatlre  feadbaek  aituatlont  each  tlaa  S 
pressed  a button  £ said  either  'Bight*  or  “Wrong* > Uib 
known  to  these  feedbaok  signals  were  predetaralned  by  a 
sequentially  randOB  schedule  of  binary  alternation  so  that 
feedback  was  Independent  of  £'s  responses.^  niost  praise  or 
oensure  ware  equally  frequent  OTsr  all  responses  and  equally 
probable  for  any  glren  response.  No  rulsi  not  eren  one  baaed 
on  four  prerlous  response-feedbaek  oontlngenolesi  pemltted 
J to  Influanee  the  relatlTe  frequenoy  wlOi  which  the  choice 
of  either  button  was  evaluated  as  “Bight*  or  “Wrong*. 

The  other  half  of  eaoh  group  of  ^s  was  tested  under 
oendltlons  of  non-evaluatlve  feedbaek.  In  which  each  response 


^as  were  assigned  to  these  sut^groupsi  prior  to  expsrl- 
aentatlon,  on  the  basis  of  agsi  aex>  and  educational 
achleveaient.  The  actuarial  charaeterlstles  of  sub-groups 
appear  In  Table  1. 

6 

Feedback  schedules  were  obtained  17  ohanoa  entry  Into 
the  generating  period  of  a 4-frae  alternative  with  equal 
distribution  of  binary  elenants.  This  generating  period  was 
obtained  In  aooordance  with  the  aethod  for  constructing  aodela 
of  randoa  aequences  given  by  Pepper  (1959).  A specific  ex. 
pressloa  of  this  proeedura  night  take  the  following  form 
OllOOOlllDlOlOOlOOOOOlOlllllOOll.  . . .Davis  (1961)  has  ee- 
tabllahed  the  relationship  of  such  generating  periods  to 
Borel's  theory  of  nomal  nuabers.  Thus,  Bathsaatloal  sla- 
pllolty  can  be  achieved  by  stating  that  feedback  occurred  In 
a non-nomal  aequenoe  In  which  each  event  was  t-free  froei 
neighborhood  relationships. 


bf  _s  ras  followed  by  the  preeentatlon  of  • card  whloh  ooiw 
telnsd  either  • bine  or  a red  olrole.  The  eouroe  of  theee 
oerde  was  hidden  frea  the  wlew  of  3a  In  order  to  arold  the 
lapreaslon  of  predetemlnatlon.  In  aetualttyi  the  sohedule 
for  preaentlng  theee  figuree  nai  predetemlned  In  the  aaae 
Banner  as  that  used  for  the  *Klght*  and  "Wrong”  signals  In 
araluatiTe  feedbaok. 

The  use  of  sequentially  randoa  feedbaok  aoaoapllshed 
two  purposes.  First.  It  ensured  that  Identical  amount  of 
inforaatlon  were  oonreyed  by  eraluative  and  noD*eTalUBtlTe 
feedback.^  Seeend,  It  ensured  that,  under  conditions  of 
ewaluatlTe  feedbaok.  posltlTs  sraluatlon  (l.e..  "Bl^t") 
and  neeatlTe  eraluatlon  (l.e..  "Wrong")  were  equally  fre> 
quant  for  each  By  oontrolllng  and  equating  the  Infer- 
aatlonal  oharaoterlstlos  of  araluatlTS  and  non-eraluatlTe 
feedbaok  through  randoalzatlon.  It  was  possible  to  obtain 
data  about  the  effeots  of  evaluation  whloh  were  not  biased 
by  the  effeots  of  dlfferenoss  In  Information*  By  equating 
the  frequency  of  positive  and  negative  evaluation  It  aas 
poselbla  to  aseertoln  the  effeots  of  evaluation,  uer  sa.  in 
a Banner  tdiloh  eneured  that  dlfferenoes  asaeelated  wlQi  the 
speelfle  effeote  of  praise  and  of  oensura  were  equated  for 
dlagnostlo  groupe. 

^Tbe  tern  "anount  of  Inforaatlon”  Is  used  hers  to  dis- 
tinguish the  Bsasureaent  of  Information  fmi  ths  content  or 
Bsanlng  of  Information.  This  dlstlnotlon  Is  aapllflsd  in 
Appendix  B. 


PUSHLIS 


Oat*  ware  analyted  t;  saane  of  multlTarlate  Inforaa- 
tlon  analrsia  (MoGlIl,  195'>).^  The  reaulti  of  Uils  analyala 
appear  la  Table  2 which  llata  the  bit  waluae  of  Inforaatloa 
neBBUrea  areraged  aoreas  9b  within  groupai  A apllt-half 
oonparlaon  of  reaulta  revealed  no  oonalatent  dlffereaoea 
between  the  flrat  and  aeoond  acta  of  JZ  reaponaea  obtained 
froB  Ss.^  Thereforei  Table  2 preaenta  the  valuea  of  Infer, 
nation  Beaaurea  baaed  on  total  aequenoe  of  69  raeponaaa> 

Total  Sequential  Conatralnt 

Bit  valuea  of  total  ^eguentlgl  conatralnt  (T'(lt2|3|9)l 
are  directly  proportional  to  the  orderllneee  of  preaponae. 
reaponaa  contlngenolaa  la  a aarlaa  of  trlalai  hl^y  ordered 
aerlea  produo*  hl^  conatralnt  valuea,  randonlllce  aerlea 
produce  low  valuea.  Thua,  total  aequentlal  oonatralnt  valuea 
are  poaltlvely  related  with  the  extent  to  whloh  reaponaea 
were  tnfluaneed  by  their  own  prevloua  behavior.  In  the 

^Tha  derivation  of  Infomatlon  Deaaurea  la  preaented  in 
Appendix  B of  thla  report.  Frequency  data  uaed  In  oonputlng 
the  valuea  of  theae  aeaeurea  appear,  for  each  In  Appenllx 
A.  Theae  frequenoy  data  alee  were  eneleyed  In  eonputing  the 
patteme  of  reaponae  given  In  Tablea  9,  3 and  6. 

^Thla  reault  oonoure  with  that  of  Hake  and  Byuin  (1953) 
who  reported  eonalatant  valuea  of  preaponae-reaponae  oon- 
atralnt, for  noraalB,  In  bloohe  of  29  reaponaea  over  a 
aequenoe  of  230  binary  choice  aventa. 
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TABLE  2 


Valusa  of  InforaatioD  Heasuraf 


Konnal 

Psfohonourotio 

3ahl2ophrenlo 

Non-food book 

■P  (1|2) 

.28715 

.38885 

.18051 

T' {1)2,3) 

.W»if32 

.02392 

.28150 

T' (1)2,3, 

.52390 

.08378 

.37667 

T'jdjS) 

.15716 

.03507 

.10103 

T'23(1|‘)) 

.07957 

.05986 

.09513 

T'(l)2|3;)») 

.25537 

1.29655 

.83871 

BTRluatlTo  Poodba 

T'(lj2) 

.10577 

.05397 

.17108 

T‘ (1)2,3) 

.18050 

.13827 

.27212 

T'(l|2,3,‘)) 

.20710 

.21316 

.36002 

T’ 2(1)3) 

.03073 

.08031 

.10060 

r23(l)«.) 

,02660 

.O7O88 

.09230 

T‘(l|2j3)‘)) 

.53301 

.00500 

.80802 

Non-OTSluatlTo  Poodbaok 

t'(1|2> 

.19381 

.18566 

.09870 

T’(1)2,3) 

.21765 

.23828 

.10970 

T'(1)2,3,4) 

.23010 

.28010 

.15506 

T’ 2(1)3) 

.02380 

.05262 

.01099 

‘r'23(i)‘)) 

.01600 

.00583 

.00532 

T'{l)2l3)‘H 

.60557 

.70800 

.36350 

STaliuitlTS  ana  non-eraluatlra  faadbaoK  situations,  fsed- 
bsek  was  preaentsd  la  a aaquentlsllj  rsndoa  fashion.  Thus, 
under  conditions  of  randoa  feodbaok,  Uie  nuaarleal  valuaa 
of  total  sequential  constraint  are  negatlTalT  related  to 
'Uie  extent  to  ahloh  Ss  adapted  their  beharlor  to  aooord  with 
the  Infomatlon  oonreyed  Iqr  external  feedbaek. 

Figure  1 presents  the  aean  aaount  of  total  sequential 
oonstralnt  for  aaeh  of  the  exparlnental  groupst  nomal  non- 
patients  (H),  psrohoneurotle  patients  (F),  and  aohlcophrenlo 
patients  (S).  Table  J glees  the  eeluas  and  probabilities  of 
F ratios  associated  with  eoaparlsons  of  these  neasures. 

In  Uie  absenoe  of  external  feedbaek,  the  sohlsophrenlo 
group  exhibited  a algnlfloantlj  soaller  aaount  of  response 
constraint  than  either  the  psTohoneurotlo  or  nomal  groups 
( FsFehoneurotio  TS.  Sohlsophrenlo,  1.30  es.  .34,  £ * ,01t 
Heraal  tb,  Sohlso^trenlo,  1.25  ▼>.  .84,  £ < .01).  The 
nomal  and  psFOhoneurotlo  groups  denonatrated  approxlaatsl; 
equal  ealues  of  total  sequential  oonstralnt.  These  results 
Indloate  that,  la  the  absenoe  of  external  feedbaek,  sehlto- 
phrenlo  patients  sere  less  sensltlTS  to  their  om  prerlous 
beharlor  than  were  psfohoneurotio  or  noreal  Ss. 

In  Uie  presenoe  of  eealuatlTe  feedback,  sohlsophrenlo 
patients  e^blted  a slgnlfloantlT  greater  aatount  of  rsaponss 
oonstralnt  than  did  Js  In  either  the  psfohoneurotio  or  nomal 
groups  (Sohlsophrenlo  ra,  Payohoneurotle,  .81  ts.  .40,  £ < .Oli 
Sohltophrenle  ts.  Nomal,  .81  ts.  .53,  £ < ,05).  These  results 
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eentrast  vlth  thot*  obtalnad  under  non-feedbaok  oondltloos 
tn  nhleh  soblzophrenlo  pstlenta  showed  the  nellest  relue 
of  total  sequential  oonstralnt.  Sxaolnatlon  of  this  re> 

Torsal  shows  It  was  due  priaarll;  to  a statlstleaUj  elg- 
nifloant  deorease  In  oonstralnt  for  the  normal  and  psjoho- 
neurotlo  groups  while  sehlsophrenlo  Ss  remained  approxlmatel; 
equal  In  oonstralnt  ralues  between  non^feedheolc  and  eralua- 
tlwe  feedhaok  conditions  (Kormal,  non-feedbaeh  Ts.  eTaluatlTS, 
1«25  vs.  .53,  £ < .Oil  Pajrohoneurotlo,  non-feed'baok  vs. 
eraluatlve,  I.30  vs.  .ho,  £ , .01)t  Sohlzophrenlo,  non- 
feedbaok  Ts.  eraluatlve,  .8h  vs.  .81,  £ > .25).  These 
results  Indicate  that  eraluatlve  feedback  slgnlfleantlr 
reduced  the  orderllnasa  of  prosponae-response  oontlngenciea 
for  normals  and  psyehoneurotlo  Ss  but  failed  to  Influence  the 
sequential  response  behavior  of  the  schlsophraalos. 

In  the  presence  of  non-svaluatlve  feedbaek,  sohlzophrenlo 
patients  adilblted  algnlfloantlp  lower  values  of  reeponse  een- 
stralnt  than  Sa  In  tha  othar  two  groups  (Pspohoneurotle  vs. 
Sohlzophrenlo,  .71  vs.  .38,  £ < .01)  Normal  vs.  Sohlzophrenlo, 
.6h  vs.  .36,  £ < .01).  All  three  groups  showed  a slgnlfl- 
oant  reduotlon  In  sequratlal  response  oonstralnt  In  tha 
prsaenoe  of  non-evaluatlve  feedback  as  oompared  with  the 
absence  of  feedback  (Normal,  non-feedbaok  vs.  neo-evaluatlve, 
1.25  vs.  .85,  £ 4 .Oil  Pspohoneurotlo,  non-feedbaek  vs.  non- 
eveluatlve.  1.30  vs.  .71,  £ < .01|  Sohlzo^renlo,  non- 
feedbaok  ve.  non.evaluatlve,  .88  vs.  .38,  £ « .01).  Hiaee 


results  Indloate  Uiat  aensltlTlt;  to  prarloua  beherler  ms 


redueedi  for  3a  in  all  groups,  bjr  the  presenos  of  oon- 
eraluatlre  feedback.  These  effects  appeared  to  hare  been 
espeoiallf  pronounced  in  the  beharior  of  eohizophranlo 
patients. 

CeaparisoD  of  total  secuantisl  eonstraint  for  noroal 
Ss,  under  the  three  oondltiena  of  feedback,  Indioates  that 
both  sraluatire  and  non-evaluatlTe  feedback  were  effeotlre 
in  reducing  sequential  response  eonstraint  froa  the  base- 
line Talues  obtained  in  the  absence  of  feedback.  Both  tjpes 
of  feedback  were  about  equally  effeotlre  in  producing  <Ms 
result.  Breluatire  feedback  produced  a SB  per  cent  reduc- 
tion in  sequential  constraint  while  nen-eraluatire  feed- 
back accounted  for  a reduction  of  49  per  cant, 

Psyohoneuretic  patients  also  ware  slgnifloantly  in- 
fluenced by  both  eraluatlre  and  non-sraluatlre  feedback. 
Howerer,  In  the  oase  of  psyohoneurotio  patients,  these  two 
types  of  feedback  were  not  equally  effeotlre  in  reducing 
sequential  response  constraint.  Evalnatire  feedback  re- 
duced constraint  ralues  by  69  per  cent  froa  those  ralues 
obtained  in  the  absence  of  external  feedback.  Bowerer,  non- 
eraluatire  feedback  was  associated  with  a reduction  of  only 
45  per  cent.  This  difference  was  statistically  significant 
< Hon-eraluatlre  rs.  eraluatlre,  .71  rs.  .40,  £ * .01). 

In  the  schlsophrenlo  group  the  presanoc  of  eraluatlre 


feedback  failed  to  reduce  sequential  constraint  below  the 
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1«T»1  obsspred  In  th«  «beano*  of  faedbaokt  Por  the 
aohlsophronlo  sTBluatlTa  feedbaok  reduced  oon<> 

etralnt  bjr  only  4 per  oenti  • figure  ahleh  oontrasts 
dreBatloallr  with  the  5?  per  oent  reduction  eaeoolated 
with  the  preeenoe  of  net^ereluetlTa  feedbeoka  Thli  dif. 
ferenoe  In  the  beharlor  of  eehlEophrealesi  between  eralue- 
tlve  and  non-eTBli;atleo  feedback,  waa  etatletieall]'  elgnl- 
floant  {Braluatlre  re,  non-eraluatlTei  ,81  ts,  ,36, 

p < ,01). 

COBponaati  of  Besponae  Prediotabilltr 

figures  2,  3 and  4 present  the  aean  Talues  of  response 
predlotabllitj  associated  with  the  flee  ooBponsnts  of  res- 
ponse Inforaatlon  reported  In  Table  2t  first  prespense  alone 
(T'(l|2)],  second  presponse  alone  (T'jdjJ)!,  third  pre- 
sponse  alone  [T'2j(l|4))  , the  joint  oeeurrenee  of  first  and 
second  presponess  [T*(l<23] , the  joint  ooourrenee  of  first, 
second  and  third  presponses  [T*(l|234)  1 Besponse  predleta- 
bllltjr,  like  seduentlal  constraint.  Is  £oglt^£^£  nla^gd  to 
the  sequential  ordering  of  preeponse-response  eontlngenoles. 
As  these  oontlngenoies  approach  ranloBnesa,  bit  ealuas  of 
response  prediotabUltjr  approach  zero.  Thus,  In  the  presenos 
of  raidoB  feedbaok,  Talues  of  response  predlotabUlty  are 
Tiegatlrely  related  to  the  Inforaatien  oonrefed  bj  raodoa 
external  feedback. 

figure  2 presents  the  aeon  Talues  of  Uie  eenponants  of 
response  predlotabllltr  exhibited  in  the  absence  of  external 
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faadtaslci  These  Tslues  imiMte  that  the  responses  of 
nonul  and  pajrohoneurotlo  gs  were  hlghl;  predletable  In 
terns  of  the  joint  ooourrenoe  of  two  presponaea  {T'(l|23)] 
and  of  three  presponses  [T'(l|23<i)].  Howerer,  these  two 
sroups  differed  narkedlr  In  the  relative  predlotablllt^ 
given  bj  riTst  preeponse  alone  (r'(lt2) )>  seoond  presponae 
alone  tr'2(lt3}]t  and  third  presponses  alone 
Nomal  parfomanee  was  oharaeterlsed  a stepwise  re- 
duotlen  in  the  value  of  response  predlotabllit;  for  In- 
orsaslngly  reaote  responses.  This  stepwise  reduotion 
Indloates  that  nomals  wars  Influenosd  br  previous  be- 
havior In  direst  proportion  to  the  reoenoy  of  that  behavior. 
On  the  other  hand,  psyohoneurotlo  perforsianos  was  oharao- 
terlzed  by  a sharp  daoraass  la  responss  predictability 
beyond  the  first  preeponse  level.  This  sharp  reduotion 
Indloates  that,  for  psyohoneurotlos,  only  the  aost  laaadlate 
past  behavior  was  Influential  In  datenlnlng  the  nature  of  a 
response.  A sharp  reduotion  also  oharaetsrlsed  the  uni- 
variate ooBponants  of  response  predlotablllty  for  the  aohlzo- 
phrenlo  group.  However,  the  proportion  of  this  reduotion  was 
not  as  ^eat  as  that  eidilblted  In  psyohoneurotlo  psrfomanoe. 
for  psyohoneurotlos,  first  presponse  alone  aoooxmted  for  61 
per  oent  of  response  predlotablllty.  For  sohlcophrsnlos, 
this  value  was  kj  per  cent. 

Figure  3 presents  the  aaan  values  of  the  oonponents  of 
response  predlotablllty  exhibited  In  the  pressnoe  of 
evaluative  feedbaok.  Theie  values  show  a greater  response 


pradlotabillt;,  tesad  on  the  ]c 
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of  three  praeponsea,  for  aohlzophrenio  then  for  noroel  or 
pBjeboneuretle  groups.  NenuLl  end  sohlso^irenio  parfor- 
manos  «bs  eharaeterlzed  h;  e reduction  In  response  pre- 
dlotehllltj  beyond  the  first  presponse  with  nore  distant 
prsaponses  oontrlbuting  equal  aaounta  of  predlotablllty. 

This  reduction  was  sufflelently  great  that,  for  both 
groupsi  the  first  presponse  alone  aeoounted  for  elaost 
one-half  of  all  response  predlotablllty.  Fsyehoneurotle 
perfomanoe  differed  fron  that  of  other  groups  In  Uie 
relatlTsly  low  walue  of  response  predlotablllty  aeeoolated 
with  the  first  presponse  alone.  This  group  sAlblted  oos- 
ponents  of  response  predlotablllty  In  whloh  all  single 
presponses  were  equally  predlotlwe  of  response. 

Figure  It  presents  the  nean  rslues  of  the  ooaponents  of 
response  predletsblllty  exhibited  in  the  presenea  of  non- 
ewaluatl're  feedbaolc.  These  ralues  show  that  Bultlvarlata 
ooaponents  of  response  predlotablllty  [T'(lt23)i  T'dtFJb)] 
were  higher  for  normal  and  psyohoneurotlo  than  for  sohlso- 
phrenlo  ^s.  In  eaoh  group  sore  than  half  of  all  response 
predlotablllty  was  derived  froa  the  first  presponse  alone 
(T  (1|2}  1 This  oooponent  gave  83  per  cent  of  response  pre- 
dlotablllty  In  the  itormal  groupi  65  per  cent  In  the  psyoho- 
neurotle  group,  sad  per  oent  In  the  sehlxophrenlo  group. 
Thus,  while  all  groups  exhibited  e prlnary  dapeadeaea  on  la- 
medlate  prasponea  as  a detarmlnant  of  responding,  this  sffeet 


eepeelelly  proneunted  for 


normal  group. 


An  oTtrrlav  of  these  results  points  up  a unlferaltf 
In  the  oomponenta  of  response  predlotahllttf  for  sohlzo- 
phrsnlOB  aerosa  all  fssdbaolE  oondltlsns>  In  eaoh  oonil- 
tioni  first  preaponse  alone  (T'(l|2)1  aooounted  for 
approzlaatelr  50  to  60  per  oent  of  all  response  predlota- 
billtjr.  nils  unlfomlt?  was  In  marlced  contrast  to  the 
Tarlable  eharaeterlstlos  of  oonponents  of  response  pre- 
dlotabllity  for  the  nomal  end  ps;ehensuretie  groups. 

Patterns  of  Sequential  Baeponsa 

In  sequences  of  four  respensesi  It  la  posslhle  to  dis- 
tingulah  three  types  of  sequential  response  patterning! 

(1)  repetltloni  in  Wiloh  each  suooesslTS  response  repeats 
its  predecessor  (B.BiBgBt  LiLgLiDl  (2)  altamatlong  In 
shlch  eaoh  sueeesalTe  response  alternates  fros  Its  pre- 
decessor (B,L,R,L|  LgBgLgB);  (3)  douhle  alternation,  In 
Which  repetition  and  alternation  regularly  follow  eaoh  other 
(B,B,1,,L|  L.L,B,B|  B,b,L,Bt  L.B.S.I,]. 

Tables  h,  5 and  6 give  the  nunber  of  Js  who  displayed 
a stereotypic  use  of  any  of  these  response  patterns  (l.e., 
on  Bore  than  on^half  of  all  responses). TaUe  b la 
baaed  on  data  for  all  60  3i,  and  ooablnes  the  data  for 
eraluatlTe  and  non-aTalaatire  feedbaok.  Table  5 Is  based 
on  the  data  of  the  30  3s  who  perfomed  under  conditions  of 
eraluatlTe  feedbaok.  Table  6 presents  data  for  the  30  Ss  who 
perforaed  in  the  non-eraluatlrs  feedbaok  condition. 

ll^eae  data  were  obtained  by  sumlng  the  frequeneles 
of  the  appropriate  response  tetrads  listed  In  Appendix  A. 


TABLE 


ateraotTple  Rssponae  Pattanu  Bxhlbitad  b; 
under  All  Condltlona  of  Peadbaok 


Peadbaolc 


TIBLS  5 


Kon-fseibaok  Svaluatlva  Peedbaok 


TABLS  6 


StsrBotTpie  {lesponM  Patterns  BfiilUted  t;  Ss 
under  Conditions  of  Kon-BraluatlTe  PeedWSc 


Hon-eraluatlTS 
Non-feedtiaolc  Fsedtaek 


Sohlsophrenlo 


Total 

(£-  30) 


Tati*  4 ahows 


abstnoa  of  axtarnal  f*ad- 


baok,  30  axhtbttad  atereotTple  rsaponae  pabtarnlnc* 

Thia  group  of  30  3s  ma  oonpoaad  of  13  oonialBi  9 psrebe- 
naurotlss  azil  8 eohlzophrsnles.  Per  the  nomalsi  saeh 
tTpa  of  raepons*  patterning  oooumd  with  alsoat  aqual 
fraquanor  (rapatltloni  5(  alternation,  3|  double- 
alternation,  <»).  This  aqual  distribution  also  ohareeterlsed 
the  sohlzophranlos  (repetition,  2t  altamatlon,  3t  double- 
alternation,  3).  Papohoneurotlo  ^a  exhibited  a dlspropor- 
tlonatalr  large  nuabar  of  alternation  patterns  (repetition, 

2|  altamatlon,  7t  double-altematlon,  0),  This  ezten- 
■IT*  UBS  of  alternation  la  oonsistent  with  the  earlier 
observation  that  the  pspohooaurotlo  group  as  a whole 
exhibited  extrenatp  high  values  of  response  predlotabllltp 
for  the  first  presponse. 

In  alternation,  knowledge  of  the  laaedlate  predeoesaor 
of  a given  response  provides  for  oonplete  predlotlon  of  that 
response,  while  knowledge  of  acre  reaote  prssponsea  does  net 
Inoresse  response  predlotabllltr.  Thus,  extensive  us*  of 
alternation  produoas  high  values  for  the  first  presponse 
ooBponant  of  response  predlotablllty,  and  low  values  for 
store  renote  presponses.  In  a slollsr  Banner,  each  of  the 
stereotyplo  response  patterns  (l.s.,  repetition,  alternation, 
and  double-altematlon)  are  related  to  values  of  response 
predlotablllty  as  oaasured  by  Inforaatlon  analysis.  The 
extent  of  this  relationship  depends  upon  the  degree  to  whloh 


the  frequanoy  of  a particular 


patta 
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disproporttonsM  to  ths  frequanoy  of  all  other  responta 
patterns. Thus,  for  the  psyshoneurotle  group  the 
preaenoe  of  7 8e  who  use  alternation  produoed  a narked 
eleration  la  the  pradlotlTe  ralua  of  first  presponass. 
Bowerer,  Uie  aagnltude  of  this  elevation  was  produoed, 
Jointly,  by  the  abssnoe  of  double-alternation  patterns  and 
the  extensive  use  of  altemetlen. 

Table  I*  shows  that  the  ohange  fron  non-feedbaok  oon- 
dltlona  to  eondltlons  of  external  feedbaek  was  aoooBpllahed 
by  a narked  reduetion  In  the  total  nunber  of  la  who  ex- 
hibited stercotyplo  response  patterns  (non-fsedbeok,  JOf 
feedbeok,  16).  This  ohange  was  found  to  be  statlstloally 
significant  . k.g7,  £ < .05). 

Inapeotlon  of  Tables  5 and  6 reveals  <diat  tbs  reduction 
of  stereotyplo  response  patterns  did  net  differ  under  oon- 
dltlons  of  evaluative  as  opposed  to  non-evaluatlvs  faadbaok 
(non-feedbaok  vs.  evaluative  feedbaek,  16  dropped  to  9|  non- 
feedbaok  vs.  non-evaluatlve  feedbaek,  dropped  to  7). 

In  overview  of  this  approach  to  the  data  suggests  that 
the  uss  of  stereotyplo  response  pstteras  ooeurred  with 
slaost  equal  frequenoy  In  the  sequential  oholoe  behavior  of 
noraals,  psyoheneurotloa,  and  sehlzophrenlos.  For  £a  la 
eaeh  of  these  groups,  the  ebsenoe  of  envlroanental  feedbaek 

^^The  nature  of  Uiis  relatlonahlp  la  explained  In 
Appendix  B.  In  general,  the  Indlreotneaa  of  thle  relation, 
ahlp  iB  produeed  by  the  non-linear  function  which  relates 
rssponse  prsdlotablllty  to  ths  number  of  responses  dster. 
mined  by  response  patterning. 
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Has  aitoalatsd  with  zalatlTslf  Ugh  Itrsls  of  stsrso^plo 
rttpondisg.  Pi^obeneurotlos  dlsplafsd  a dlaprepertloiiaMlj 
largs  nuBbsr  of  altarnations,  vhlla  ttit  boharlor  of  nonals 
and  Boblsoplirtnles  was  oharaotsrlssd  bp  approzlaatslp 
squal  uso  of  all  thrao  rssponst  patttzni.  Oosparlioa  of 
lablos  9 and  6 sboHs  a olois  oorraspondanot  in  Qia  total 
nuabar  of  £s,  vlttaln  aaoh  diagnostlo  group,  vho  dltplapad 
ataraoVplo  raaponsa  pattsmi.  fhla  oorraapondanoa  waa 
not  attributable  to  bias  in  tiia  aatbod  of  salaoting  Ja. 

Ibe  introduotlon  of  faadbaek  fron  Idia  axtarnal 
anTironaant  van  aooospaiaed  bp  a signlfioant  raduotion 
in  etaraotpplo  pattama  of  raaponsa  for  all  groups  of  £s. 
This  raduotion  Has  not  restrlotad  to  aitbar  apnluatiTe  or 
non-amluativa  faadbaok.  Both  'Q^aa  of  fsadbaok  nara 
asaooiatad  Hilh  approxiaatalp  equal  raduetione  in  tha 
nuabar  of  gs  Hho  aada  axtansiTS  use  of  soquantial  rsaponss 
patterns. 


Disaassion 


Two  ehsnotorlatlea  of  the  rolotlonahlp  Isetwsen 
InfoTsattos  oad  huaan  boharlor  wars  ezaBlned  In  this 
Btudfi  (1)  ths  use  of  infornstlon  in  BOdlfylng  baturlor, 
anl  (2)  the  •fflelenof  of  Inforsatlon  proo«uln£< 

Modiriostlon  of  Choica  BatuTlor 

Valuea  of  total  aequential  oonatralnt  prorldad  a 
orltarlon  for  Baiaaalng  the  affeota  of  faadbaok  conditions 
on  tha  axtant  to  which  bahaTler  was  modiflad  to  oonfom 
with  InfoTBation.  Beeausa  the  infomational  input 
oharaoterlatlos  of  ertaraal  faadbeolc  wara  controlled  and 
randOBizad  in  this  atudfi  Talass  of  total  sequantlal  con- 
straint have  two  oonelstant  oharaotariatioai  (1)  ttia;  are 
poaitiTelf  related  to  tha  extant  to  which  rasponaea  ware 
aBBoeiatad  with  Infonaation  oonreyad  bf  prarlous  haharlori 
and  (2)  they  are  negatlTely  related  to  tha  extant  to  which 
raaponsea  ware  influenced  by  the  Infonsticn  oonreyad  by 
external  feadbaok.  Thus,  in  the  abaanoe  of  external  fsed- 
baok,  hi^  Talues  of  sequantlal  constraint  indicate  that 
bahawlor  oonfomed  with  inforaation  oonreyed  by  prerious 
responses  (tha  only  eystaaatio  InforBational  input  avallablt 
to  Uie  J).  In  the  presanoa  of  external  feedback,  low  waluei 
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of  total  aaquantlal  eonstralnt  Indloata  that  tahaTlor  was 
oodlflad  to  ooBfom  vlUi  Inforaatlon  oonvared  saquao- 
ttall;  randOBi  axtaniBl  faedhaolc.^^ 

Bfflolonej  of  Inforaatlon  froesaBlng 

Analrata  of  tho  eoapenanti  of  rasponio  prediotablllt; 
proTldod  orlteria  for  assassins  tha  affaets  of  raadhaoK 
oondltlona  on  tha  efflclencT  of  Information  proaasslng.  In 
tha  prasant  studft  thaaa  criteria  wars  applloahle  In  aralua* 
ting  the  efflolaaof  of  Inforaatlon  prooasslng  for  two  li9Ut 
souroaia  (1)  Information  oonrajrad  hf  prevtous  tahavlor, 
and  (2)  Inforaatlon  oenrafed  hr  tha  Joint  ooeurranoa  of 
prsTlous  hahatlor  and  external  feedhaolc.  Anal;sla  of  the 
Joint  ooourranae  of  two  Information  souroas  prorldad  a 
maans  for  aesesslng  tho  efflolanoy  with  whlah  aultlrarlata 
Inputs  ware  ooahlned  under  oondltlona  of  araluatlTS  and 
nen-evaluatlra  feadhaek. 

Absanoa  of  Envlronaantal  Faedbaak 
Voraal  Croup 

Nozaal  7ion-patlents>  In  the  abaanoa  of  srstanatlo 
Information  from  the  external  envlronBaat>  tended  to  use 
thalr  own  prarlous  bahaTlor  as  an  effeatlre  determinant  of 

^^hat  aaquentiallr  random,  axtamal  faedbaok  can  pro- 
vide Information,  and  that  human  and  subhuman  organisms  oan 
medlfr  thalr  behavior  to  aooerd  with  this  information,  has 
bean  demonstrated  In  numerous  studies  generated  b;  the 
statlstloal  aasoolatlon  theory  of  learning  (Hake  and  Hyman, 
1953  i Anderson,  I960  1. 
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raeponsag.  Thla  wag  erldanead  Id  bath  the  £sguQt  of 
ealf-rasulatlon  (oa  Baaaured  by  total  gequantiol  oon- 
stralnt)  end  tha  miaber  of  rasulatorr  praoponaa-rasponaa 
oontlnganelaa  (aa  Baaaured  bj  tha  coaponantg  of  rasponaa 
pradletabllltjr}.  Tha  ralatlra  Taluaa  of  apeelflo  pragponaa- 
ragponae  oontlneanelaa  vara  eharaotarlzad  br  a atapwlae 
raduotlon  In  tha  Talua  of  regponae  predlotabllltr  for 
lnoraaalngl7  rasota  praeponaaa.  Thuai  aalf-raeulatlen 
froa  prarloua  baharior  aaa  dlraotlp  ralatad  to  tha  raoanop 
of  that  bahaTlor. 

Tha  afflelanoT  of  thla  Banner  of  proeaaalne  Information, 
atasa  froa  tha  nature  of  aaduantlallr  dependant  aarlae.  To 
ea7  that  erenta  are  "aaduentlall;  dependant'  la,  aiapl;, 
another  aa;  of  aa;lng  that  aaoh  evant  sonraje  aoaa  tnforaa- 
tlon  about  ita  predeoegaorg.  Thug,  b;  ragponding  prlBarll.T 
In  tereg  of  tha  ooat  recant  praaponaa,  noraola  uaad  ahatarar 
Infomatlon  thla  praaponaa  oonrajed  about  Ita  predaoeeaore, 
nhlla  In  no  no;  Inoraaalng  tba  ecnplaxlty  of  Inromatlonal 
Input.  However,  It  la  laportant  to  note  that  tha  raaponaaa 
of  normola  ware  net  dataralnad  aolel;  17  their  ioBadlata 
pradeoaaaera. 

Thla  fact  Bgaaea  Isportanoe  In  vlow  of  the  oonalatant 
flnllng  that  aartnum  Information  trananlealon  for  humane  la 
obtained  whan  5 to  9 oltematlvee  era  anplojed  In  a uni- 
variate Input  aouroa  (Attnaave,  1959),  In  alnpla  blnar; 
garlea  (like  thoae  generated  under  noiwfaadbaok  oondltlona) 
the  number  of  altamatlveg  aagoolated  with  a glvan  oaquenoe 
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of  loncth  s io  2^.  Tlniii  I);  associating  raaponsei  pri- 
narilf  with  first  prsaponsss,  fst  iooorporating  sseond 
prasponses  as  vsllt  ttis  behSTlor  of  nomals  prosed  sensl- 
tive  to  'batMean  5 and  6 prssponae-response  oontlngenoies> 
a range  sbloh  elosely  apprexlBatss  the  established  ooaditlon 
for  Baximally  efficient  prooassing  of  infoTBatlon. 

Psjrohoneurotio  Oroup 

Pspoboneurotlo  perfomanosi  In  the  absenoo  of  external 
feedbaolCi  reseabled  Uiat  of  neraals  in  terns  of  total  sequen- 
tial oonetraint  anong  prasponses  and  responses,  ‘nius.  nor- 
asls  and  psTOheasuroties  erideneed  a eoaiBen  tendenop  toward 
using  their  own  prerlous  behasior  as  a deteminant  of  res- 
ponses when  the  external  enslronnent  prorlded  no  spstenatio 
feedbaek.  Howeveri  analpsis  of  the  owsponents  of  response 
predlotabilltp  showed  oarked  differeaoes  between  these  groups 
in  the  relatise  effeots  of  response  sssoolatlon  with  speoifie 
pretponaee.  It  was  apparant  in  thsse  dlffersness  that  tha 
pspehoneurotio's  nanner  of  self-regulation  bp  presloue 
behavior  was  lese  effieient  in  teras  of  the  infomatlonal 
demands  of  ths  sxpsrlaental  situation. 

The  relative  ineffiotenop  of  Infopaatlon  prooeselng  bp 
pspohoneurotios  was  shown  in  the  faot  that  their  preepensee 
were  alnoet  totallp  dependent  upon  their  Imediete  predeoes- 
sore.  Hore  remote  presponses  were  relativelp  Inaignlfloant  ii 
determining  the  nature  of  responees.  Thie  effect  wae  so  pro- 
nounced that  81  per  cent 


of  response  aesoolatloc 


>ttrlbut«U.«  to  tho  first  prasponao  alone.  Thnsi  Mian 


external  feedPaok  ms  absent,  the  eensltlTltr  of  piyeho- 
neurotloe  to  their  oire  prerions  behavior  Has  restrlotad  to 
the  Boat  laaedlate  past  event. 

Subssiiuent  dlsouaslon  will  show  the  effleieno;  of 
restriatlag  preBponae.reBponBa  assooiations  Hhen  dealing 
with  coaiplei  input  variables.  BoHever,  sequsatlal  eholoa 
in  the  absenoe  of  feedbaok  Involves  a univariate 

aeries  of  blnar;  input  events.  the  exclusive  use  of  a 
single  prsaponae  in  deteralnlng  responeea,  payohoneuroties 
reduced  the  nunber  of  influential  presponae-reaponse  con- 
tingencies beloH  that  range  (5  to  9)  associated  with  aaxlBua 
Infomatlon  usage.  Thusi  unlike  noraals,  psyehonsuroties 
iaposed  Hhat  aay  be  teraed  inefficient  reatrlctions  on  the 
use  of  infomatlon  conveyed  by  their  previous  behavior  in  the 
absence  of  external  feedback. 

Erlkaan  and  Wachsler  (1955)  have  associated  inafflcient 
restrletions  on  infomatlon  input  vtUi  anxiety.  These  Invss- 
tigatere  measured  the  response  constraint  and  InforBatlon 
transalssion  associated  with  the  absolute  ludgaent  of  visual 
site  under  conditions  of  lo*  and  hle^  anxiety.  They  found 
that  anxiety  increased  response  oonetralnt  but  neither  In- 
craased  nor  decreased  total  transolssion  of  infomatlon. 

These  differences  betvsen  low  and  high  anxiety  groups  ptirallel 
the  dlffsrsnoss,  In  ths  present  study,  betHeen  Uis  norsial  and 
psyohonsurotlo  groups.  In  view  of  the  Hell-established 
enxlety  oonooaltants  of  psyohoneurotlo  Illness,  the 
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oorraspondenoe  of  results  of  Uiese  two  InTesttgattons 
suggests  that  the  inefficient  reatrlotlon  of  Information 
prooesslng  azhlblted  b;  the  psfohoaeuretle  patients  In 
this  stud;  aa;  be  attributable  to  the  sffeota  of  azizlet;4 

Oohlzophrenio  Group 

SeUzophrenlo  perforaanesi  in  the  abssaoe  of  external 
feedback,  was  oharaoterlzed  b;  the  relatire  Independence  of 
present  responding  from  oonstralnt  b;  earlier  beharlor. 

When  Information  was  not  sTallable  In  the  external  anrlron- 
Bent,  normals  and  psrohoneuretlos  substituted  Information 
from  their  own  prerioua  behavior  as  a besia  for  responding, 
to  a slgnlfloant  extent,  the  sohlzo^renlos  ware  less  sen- 
sitive to  their  own  behavior  than  ware  the  other  two  9«ups 
of  Ss  and,  in  the  abaenoe  of  axtemal  feedbaok,  exhibited 
behavior  with  sore  ohaotio.  Informational  properties. 

‘fhis  reduced  use  of  the  aelf-regulatlng  properties  of 
previous  behavior  suggests  that  the  sohlzophrsnle  majr  be  as 
out  off  from  his  own  self  as  he  Is  from  the  outside  world. 
This  fonulatlon  appears  to  be  at  odds  with  the  widespread 
belief  that  sohlsophrenlo  bdiavlor  la  "autistic'.  However, 
BngllA  and  English  (195B),  in  defining  "autistic*  at  a 
state  of  being  . directed  undul;  toward  oneself," 
strees  Inanpronrlateness  as  a dateralning  oharaetarlatlc 
of  autism.  Additional  rasults  from  Uia  preasnt  stud;  sng- 


gast  that  Inapproprlat 


sir-regulation 


sAlblted  b; 


eehl zopbr anl 0 e I 
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I was  ralated  to  spsslflo  foadteok  oondl- 
tlons.  Thsreforsi  further  dlsousslon  of  autln  will  he 
postponed  until  the  results  for  enwlronaentsl  feedbaok 
eondltions  here  been  exaalned. 

SnTlromental  feedbaok 

me  Introduction  of  randoai  eztamsl  feedbaok  oreated 
a situation  in  whloh  Infoniatlon,  oomrejred  bjr  response- 
feedbaok  oontlngenolesi  was  pitted  against  Infenatlont 
eonrefed  I7  presponee-reaponse  oontlngenolesi  as  potential 
detemlnants  of  beharlor.  To  understand  the  ohanges  In 
senuentlsl  oholoe  beharlor  that  ware  assoolated  with  the 
effects  of  aralxiatlon.  It  Is  neoessarf  to  exanlnsi  flrsti 
the  changes  In  ranable  Input  states  which  were  c«BBon  to 
both  eraluatlTS  and  non-STaluatlwe  feedback. 

The  presence  of  external  feedbaok  In  the  experlaental 
situation  Influenoed  the  rarlable  Input  In  two  distinct  wafs. 
First,  bf  adding  a eeoond  set  of  blnai?  Input  erente,  exter- 
nal feedback  geoatetrloallF  Increased  the  number  of  Tsrlable 
states  associated  with  a glren  sequanoe  length,  decond,  b^ 
Intarposlng  a set  of  blnarr  feedback  erents  between  response 
erenta,  Uie  prseence  of  external  feedbaok  doubled  the  length 
of  InforaatlTe  event  sequenoes.  In  other  words,  Uis  addition 
of  eictemal  feedback  to  the  expsrlnental  situation  changed 
the  ohsraoterlstlcs  cf  total  infomatlonal  Input  froa  a 


vinlTSTlaMt  Uaarjr  aequanos  to  m amltlTarlat*!  U-blnorj 
■aquenost^? 

?oUsok  (1953)  h**  lOToatlgatad  tha  afflelaae;  ef 
lafonatlon  prooaaBlns  for  aequentlallr  anoodad  InfozBatlan 
oonrarad  17  aultlTarlate  Inpat.  In  ralatlen  to  tha  praaant 
atudyi  hla  mrk  Indloataa  that  Uio  efflolansr  of  Infonsatlon 
proeaaalng  la  datarolnedi  ezolualTaljTt  hf  tha  nasunt  of  li> 
fonatlon  loat  In  oonblnlng  Input  aeureaa*  HeolmiB  infor- 
Batlen  leaa  (haneai  nlnlauD  effiolanof)  la  aaaiirad  bj 
Information  prooaaalne  nhleh  falla  to  unlta  nltlpla  input 
aouroea,  that  la^  Infomatlon  praoaaamg  ahloh  la  baaad 
aaparatalf  on  althar  of  tve  Input  aeuroaat  tut  doaa  not 
ooabine  the  tm  (l<a>i  reapond  to  thalr  Joint  infomatlon)i 
HlnlnuD  Infomatlon  loaa  (thuai  aaxlBUB  afflolanor)  da 
aaaurad  bjr  Information  prooaaaing  whleh  oomblnaa  tha  nul- 
tlrarlata  Input  In  auoh  a manner  aa  to  raduoa  ^je  length  of 
tha  Input  aaquanea  required  to  oonraf  a glTon  amount  of 
Inferauitlon  (meaaaee  length).  Tha  preaant  reaulta  ahouad 
that  under  oondltlona  of  both  eraluatlTe  and  non-eraluatlTe 
feedhaeki  Information  prooaaaing  for  the  normal  group  ana 
oharaotariaed  'ey  nazlBUB  efflolanof  (l.e.i  elnlnom  Informa- 
tion leaa). 

^^Edmirda  (195*^)  haa  ahotm  that,  trtiera  fi  la  the  nunber 
of  erenta  In  a aaquenoei  binary  aerlea  field  & ▼arlable 
atatea  and  that  the  d.tamatlng  Juxtapoaltlon  of  two  blnan 
aerlea  produeea  a bl-blnarjr  aaquenoe  oharaetarlzed  bf 
Tarlable  atatea.  Dowla  and  Pawllgar  (196^)  have  elaborated 
the  reatrletlona  Impoaed  on  multivariate  Infomatlon  analfali 
bf  the  neoeaaarf  entallmanta  of  aaquentlal  bl-blnarf  data. 
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HoroBl  Group 

It  Ktll  ba  renaabared  that)  In  proeaaalng  tha  unl- 
▼arlata  Input  of  tha  non-feadbaok  altuatloni  noraals 
naxlulKod  tha  affloianosr  of  Infomatlon  prooaaaing 
ualne  Infonatlon  oonTafOd  b;  sore  raaota  praaponaae.  Ho»- 
arar,  In  prooaaalng  tha  aultlTarlate  Input  aasoolatad  ulth 
tha  praaenoa  of  axtarnal  faadbaolc,  nornala  tandad  to  raa- 
trlot  affaetlTo  praaponaa-rasponae  ooatlngenolaa  to  the 
Boat  iBBodtata  praaponae.  Thla  raduoad  the  length  of  Input 
aaquenoa  aaaoolatad  wlUi  the  high  Taluea  of  reaponae  pra- 
dletabllltj.  Tbua,  for  noraals.  the  raatrletlon  of  aeauaa- 
tlal  reaponae  oonatralnta  eervad  aa  an  afflelaao;  taohnlque 
for  eoDblBlng  the  aalf-reguIator7  affeota  of  prerloua 
bah&Tior  Kith  regulator?  deaanda  from  the  eztamal  enrlron- 


PBfohonaurotlo  Croup 

Homala  reaotad  to  araluatlTe  £i]d  non-araluatlee  fead- 
baok  althaqual  afflolenoy  and  adaptability.  Ihe  raaetlona  of 
payehoneuTOtlo  patlaate.  howerer,  ware  aarkadly  different 
under  these  two  oondltlona  of  external  feedbaok.  In  tha 
praaenoa  of  non-eraluatlva  feedbaoki  tha  efflolaney  of  Infor- 
natlon  prooesalng  and  the  adaptlre  use  of  Information  ware 
alBoat  Identloal  for  the  noraal  and  psyohenenrotlo  groupe. 
Bowerer,  In  tha  praaenoa  of  araluatlTe  feadbaekt  psyoho- 
neurotle  patlenta  did  not  exhibit  tha  effloient  Integration 
of  aelf-regulated  and  externally  regulated  beharlor  whloh 
oharaoterlzad  tha  neroals. 


Tha  ioafflolent  eharaotarlatloa  of  InforaBtlon 
prooaating  t?  parebonaurotlo  patlanta  ware  elaarly  dla- 
oernlbla  In  tha  ohonge  froa  the  non-faadhaok  eondltion  to 
tha  oomUtlena  of  eraluatlTa  feedbaok.  In  dealing  with 
alaple  Inforaatlonal  daaands  la  tha  aheaaee  of  faedbacki 
the  psjohonanrotlo  tandad  to  reatrlot  praaponaa-reaponaa 
aaaoolatlona  to  tha  Boat  iBnedlate  preaponaa  event.  Thla 
alnpllfvlng  reatrlotlea  waa  Inafflalenl^  In  that  ilaale 
univariate  altuatlon.  beoauae  It  reduced  the  nunber  of 
varlablea  below  the  nunber  aaaoolatad  with  aaxlauB  Inforaa- 
tlon  gain.  On  the  other  haadt  In  dealing  with  eoaplei 
Infornatlenal  daaanda  in  the  praaenoa  of  evaluative  feed- 
book,  pajrohoneurotloa  extended  praspona^reeponae  aaeocla- 
tiona  to  tha  point  that  aaoh  of  three  preaponeea  were  eduall; 
aaaoolatad  with  raapondlng.  Thla  eonolloatlng  axtanalen  waa 
Inafflelant^  ^ that  eonulex  multivariate  ^Itugtlon,  baoauae 
It  Inoreaaed  maaeaga  length  beyond  that  length  aaaoolatad 
with  BlnlsUB  Inforaatton  loaa  rather  than  reduolng  It  to 
oonfoTB  with  the  Ineraaaed  ooaplaxlty. 

A aeoond  oharaoterlatlo  of  the  payohonaurotlo'a  raaotlon 
to  external  feedbaok  waa  dlaoamlble  In  oonparlng  the  uaa  of 
Infomatlon  oonveyad  by  evaluative  feedbaok  with  the  uae  of 
Infomatlon  conveyed  by  non-evaluatlve  feedbaok.  For  payoho- 
neurotloa,  unlike  neraalai  tha  extant  to  whloh  bahavler  oon- 
foraad  to  Inferaatlon  froa  the  external  anvlroment  waa  alg> 
nlfloantly  lower  In  the  preaenee  of  evaluative  faedhaok  than 
In  the  preaenee  of  non-evaluatlve  feedbaok. 


To  sotDO  OTtoat,  dlffc 


bet«e«n  nonals  and 
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pa^ohonevuraClesi  undar  the  oondltlena  of  the  present 
studfi  are  oonpatltle  Kith  the  generel  formilettons  of 
Spiegel  (1959)«  la  oeaparlng  psrohonaurotle  ooDsnmloatlons 
Kith  that  of  noraalSt  she  noted  a slBllarlty  In  the  overall 
aoouraoy  with  whloh  both  groups  use  Inferaatlon  froa  the 
external  envlronBent.  !ioweTer>  she  Interpreted  this 
SlBllarlty  as  superficial,  the  end  produot  of  different 
ways  of  prooesslng  Inforaatlon, 

Reaulte  froa  the  present  study  give  limited  support 
to  this  Interpretation.  In  two  of  three  feedhaelc  condi- 
tions, the  Information  processing  of  psyohonaurotloa  was 
less  efficient  than  that  of  the  normals.  In  neither  of 
these  conditions  me  there  a dlffersnoe  In  the  overall 
extent  to  whloh  these  groups  modified  behavior  to  conform 
with  feedback  Inforaatlcn.  These  results  confirm  Spiegel's 
distinction  between  similarity  In  the  use  of  Information  end 
difference  In  the  processing  of  information.  However,  under 
the  two  conditions  of  external  feedback,  poor  effloleney  was 
found  only  In  the  neurotic's  prooeaelng  of  evaluative  Infor- 
aatlon.  In  processing  non-svaluatlva  Information,  normals 
and  psychoneurotlos  wars  quite  similar.  It  may  be  that 
Spiegel's  formulation  Is  limited  to  the  use  and  processing 
of  evaluative  Information.^'* 

^'*It  Is  Interesting,  here,  to  nets  the  strong  evaluative 
oharaoterlstloe  of  linguistic  oammunloatlon  which  have  been 
established  by  Osgood  end  his  oo-workera.  (Osgood,  3ucl, 
anl  TannenbeuB,  1957), 


Sgtilzophrsnlo  Qroup 
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Tb0  ruotlon  of  aohtiophrenlo  patients  to  external 
faedbaolc  differed  aarkedly  frog  the  reaction  of  nomala 
and  psfeheneurotles.  Korosls  showed  efflolent  o«iblnetlon 
of  Inforaatlon  froa  the  Joint  eoourrenee  of  self-reeuletlen 
and  external  feedhaek.  fSTOhoneurotloe  showed  Inefflolent 
oonblnatlen  of  these  two  Informational  Inputs*  Sehleo- 
phrenloB  failed  to  show  either  efflolent  or  Inefficient 
ooDblnstlon  of  self-regulation  with  enrlronneatal  regula- 

Braluatlve  feedhaok  had  verr  little  Influence  on  the 
sequential  oholoe  hehavlor  of  sohltophrenlo  patients* 

Fraiee  and  oensure  Tno  the  external  enrlrement  neither 
Increased  nor  decreased  the  extent  to  wtiioh  their  responses 
were  predictable  froD  the  sobisophrenlos'  own  previous 
behavior.  Thus*  unlike  both  normals  and  psTOhonsurotlce, 
the  eohlzopbrenle  did  not  combine  the  evaluative  environ- 
mental Inforaatlon  with  the  Information  froa  his  own  previous 
behavior*  Instead  of  combining  these  sources  of  Inforaatlon* 
the  sohlsephrenlo  responded  ae  he  had  when  no  Inforaatlon  was 
available  from  the  external  envlronaent.  Thus*  In  the  pre- 
senoe  of  evaluative  fesdbaok,  the  eohisophrenlo  Isolated  hla- 
self  froa  environmental  Information  as  an  effeotlve  determi- 
nant of  response. 

This  InsensltlTlt?  of  sohlzophrenles  to  evaluative, 
environmental  Information  was  revsrssd  under  oondltiona  of 
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non>«valiimtlTt , •nTlroanantal  tsaltasic.  la  th(  px«9*no« 
of  aon-oTaluatlTO  foadbaok  tiit  (obliopiixaalo*  tondod  to 
glvt  up  tholr  aelt-rogulatorf  aoaotralnt  and  to  loodl^ 
tbalr  bobavlor  to  oorraapond  goro  eloBolr  wltb  Inforgatloa 
froB  the  axtornal  anrlronsant.  Ihillka  noxsalt  and  psfOho> 
aauroUoB,  imo  rotalnod  a llaltad  aolf-rogulation  Ln  oon> 
blolae  non-araluatlTa  faedbaok  wltb  prawlouo  babatlor,  tba 
■oblsophraaloa  ahowad  txtrtaa  dapandanoa  on  non^araluatlva 
Inforaatloa  froa  tba  extarnal  anvlroaaaat.  Ibua,  la  tba 
pxaaanaa  of  non-avaluatlTB  faadbaok,  tba  aoblaopbranlo 
laelatad  binaalf,  not  fron  tba  anvlTonaent,  but  ralatlvalr 
apaaJdng,  frog  bla  own  pravieua  babatlor. 

Thaaa  oppoalta  affaota  (of  aaaluatlTa  and  non-araluatlTa 
faadbaok)  suggaat  that  tba  aaquantlal  ebeloa  babawlor  of 
aAlaepbxanloa  naf  ba  undaratood  In  taraa  of  a alngla  uadar- 
Irlng  obaraotartatlo  of  Infonatlon  prooaaalngt  Soblzo- 
pbraalei  appaar  to  prooaea  Inforaatlen  bf  traatlng  a aultl* 
varlata  bl'blnarf  Input  aa  If  tbay  vara  raapondlng  to  a unl« 
Taxlata,  blnaz?  Input.  Bnluatlva  faadbaok  aaa  aaooolattd 
with  axtanalTB  uaa  of  prealoua  babarlor  and  wltb  OKOlualon  of 
aztarnal  faadbaok.  loa-BTaluatlTa  faedbaok  waa  aaaoolatad 
wltb  axtanalaa  uaa  of  aztarnal  faadbaok  and  wllb  axolualen  of 
prawloua  babarloT  aa  a baala  for  raapondlng.  Diux,  aohlao- 
pbranloa  ahowad  a laok  of  Intagratlon  batwaan  tba  aztamal 
regulatorf  daaanda  of  tba  analroniaant  end  tba  aalf>ragulatoi7 
dasanda  of  tbalr  own  prawloua  babarler. 


Ibe  tnlutlv*  otaaraotBrlBtlo*  of  axttrnAl  fsodbaok 
tatoolatsd  with  algnlflout  dlfftranoas  In  tha 


Bohlcophranloa'  bahaTlor.  Whan  tha  faadhaok  waa  awalua- 
ttra,  reapenaaa  vara  adaptad  la  ralatlon  to  lafonatton 
oouTtfad  bf  prawlooa  bahaylor.  Whaa  the  faadbaok  waa 
aon>avaluatlTa,  raapanaaa  wara  adapted  la  ralatlon  to 
Inforaatlon  oeayarad  bjr  tha  axtarnal  eaylronaant. 

Iha  foregoing  oharaotarlaatlon  of  Infornatlon  prooaa- 
alng  h;  aohlxophranlea  dlffsra  froa  thoaa  of  Eaaaeh  (1957} 
and  of  Splegal  (1959)>  Both  of  Qiaaa  authora  atraeaed 
"autlBtle  withdrawal*  froo  axtarnal  faadbadc  aa  tha  oantral 
oonoept  In  aooountlng  for  dieordarad  ooBaunloatlon  In  aohlto* 
phranla.  In  tha  praaent  atudr,  aohlaophraaloa  withdraw  fros 
anvlronnantal  Inforaatlon  only  whan  it  waa  ayaluatlre.  Bow> 
ayar.  eyan  this  withdrawal  oannot  be  said  to  have  bean  aoooa- 
panled  by  an  Inoreaaa  in  autlatlo  aalf>ragiilatlon,  Byalna- 
tlya  feadbaok  alaply  failed  to  change  a prior  leyal  of 
bahayloral  organlxatlon  that,  In  ooeparleon  with  tha 
behavior  of  noniale,  waa  relatively  Inaenaltlve  to  prayloua 
bebavier.  xoraovar,  Mian  anvlronaantal  Infonatlon  wgj  not 
ayaluatlre,  aohlaophranioa  did  not  withdraw  froa  the  Infer* 
national  doaande  of  the  external  enylronnant.  Batbar  than 
exhibiting  autlatlo  withdrawal,  aohlxopbraalee  did  tha 
oppoBlte,  Qiay  gave  up  self-regulation  and  baoaae  strongly 
dapsndant  upon  tnylronsental  infoxwatlon. 
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Ihiae  rsBults  do  not  support  tha  sssartlen  that 
sutlstlo  wltlidrawsl  is  a oobbos  oharaotarlatla  of  1^e 
seUso^iranlo's  niausa  of  tnfozaatloa.  Inatsad  tbe 
praaant  data  suggaat  that  diatortad  infonatlon  prooaa- 
slng  in  aohiaophranla  is  oharaoterlaad  hr  a laolc  inte- 
gration batvaan  aalf-regulation  and  ragulatlon  hr  idia 
axtarnal  enTironnant, 

in  orerriaw  of  raaults  froa  the  praaant  atudr  suggaat 
a nuahar  of  aratanatio  diffaranoaa  in  tha  affaota  of  avalua- 
tien  on  tha  aa^uantlal  ohoioa  hahaalor  of  groups  of  nonal, 
parohonaurotioa  and  sohlzopbranioa.  Bowsrari  tha  ganerall- 
aation  of  thasa  diffaranoas  to  other,  nora  ooaplax,  foma 
of  hunan  aotlTi^  is  restriotad  in  at  least  two  war*, 
rirat,  tha  sinpla  inforBational  inputs  of  tha  praaant 
study  differ  in  nanr  diaansiona  troB  tha  eoaplioatad 
Tsrbal  inputs  vhidi  oharaotariza  Boat  trananlsaion  of 
Infomation  batwaen  husana,  Ihus,  additional  azpariaanta- 
tion  is  required  in  order  to  aaeasa  tha  extant  to  whioh 
raaults  froa  this  study  say  ha  genaraliaed  to  other  foma 
of  ohoioa  bahaalor.  Saoond,  tha  diagnostle  groups  etudlad 
in  tha  present  azpariaant  vara  repraeentatiTa  of  peyohlatrio 
illnaat  as  dlaplayad  by  patients  in  tha  aouta  traataant 
Dsntra  of  a univareitf  taaohlng  hoapital.  Howavar, 
ganarallzatlon  of  tha  present  raaulta  to  psthelogie  groups 
in  othsr  esttings  and  in  othar  phaaaa  of  illnaas  auat  await 
furthar  azparlaentation. 


aSKUKI 


This  InTeatlgatton  waa  designed  to  stvdjr  response 
sequences  In  • teo-eholoe  teslc  Mlth  soount  of  sequentlel 
response  oonstrelnt  as  the  primary  dependent  variable* 

Groups  of  noraal,  piTOheneurotiOa  and  aohlzophrenle  je 
■rare  aslfed  to  generate  a series  of  oholoss  under  Uiree 
conditions  of  fsedbeeki  (1)  the  absence  of  external  feed, 
baok,  {2)  the  presence  of  evaluative  feedbaok*  and  (3)  the 
presence  of  non-evaluatlve  faedbaek. 

In  the  absence  of  external  feedback,  noraal  non. 
patients  used  the  Informative  eontlngenelss  of  their  own 
previous  behavior  In  a maimer  nhlch  corresponded  with 
established  orlterla  for  the  efficient  use  of  Information. 
Evaluative  and  non-eveluatlve  feedback  were  associated  with 
Identical  deoreaass  la  aelf-regulatoi?  behavior  and  aeon- 
sequent  Increase  In  regulation  by  laforaatlon  from  the 
external  environment.  In  both  types  of  sxtsmal  fsedbeok* 
normals  adopted  a simplifying  restrlotlon  on  presponse- 
response  oontlngeneles  which  eompensated  for  the  Increased 
dsnends  of  external  feedbeok  Information.  Thus,  for  all  con- 
ditions studied,  the  behavior  of  normals  was  eharaetszlzsd  by 
aaxlmally  effloient  processing  of  Information  which  resulted 
in  an  efficient  combination  of  the  salf-ragnlatory  properties 
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of  part  baharlor  «lth  the  external  regulatorjr  denands  of 
Information  from  the  enTlroment. 

FsTOhoneurotio  patients  resembled  normals  In  the 
orerall  extent  to  vhloh  they  were  lnflueno«d<  in  respond- 
ing, by  their  own  prarlous  beharlor.  However,  these  two 
groups  differed  mai^cedly  In  the  relative  efflelsnoy  with 
whloh  they  prooassed  the  information  given  by  sequential 
response  oonatralnts.  In  this  difference  Information  proces- 
sing by  psyohoneurotlos  was  less  efficient,  than  that  of 
normals.  In  falling  to  matoh  the  complexity  of  Informational 
demands.  For  psyohoneurotlo  patients,  unlUcs  normals,  the 
ohange  from  evaluative  to  non-evaluatlve  feedback  produoed 
an  Increase  in  the  self-regulation  of  behavior.  The  nature 
of  this  Increase  suggests  that  psyohoneurotlos  are  more 
sensitive  to  Information  from  the  external  environment  when 
that  Information  Is  conveyed  Iqr  evaluative  feedbaok. 

dohlBophrenlc  patients  showed  reaotlone  to  feedbaok 
eendltlena  whloh  differed  from  the  reaetlone  of  both  nor- 
mals and  psyohoneurotlos.  In  the  absenoe  of  external  feed- 
back, eehlzophrenlos  were  relatively  insensitive  to  their 
own  previous  behavior,  as  evldenoed  by  the  minimal  use  of 
self-regulating  presponee-response  contlngenolee  as  a basis 
for  responding.  In  the  presence  of  avaluatlve  feedbaok, 
Bohlzo^renloB  did  not  use  Information  from  the  external 
environment.  Instead,  sohlzophrenlo  patlants  continued  to 
respond  as  Uiey  had  rsspondsd  In  the  absence  of  external 


faedbaok.  In  the  praeenoa  of  non-araluetlTe  feedheelCt 


aohlzophrenle  petlante  tended  to  a'be2idon  aelf-regtiletlon 
and  to  beooDe  dependent  on  anTlronBenbal  Infonatlon  ae 
the  aole  daternlnent  of  behavior.  Thuoi  for  all  conditions 
studied,  the  behavior  of  sohlzo^irenlos  was  oharaoterlzed 
b7  the  alaost  oooplete  leak  of  Integration  between  self- 
regulation  sad  regulation  by  Infomatlon  froa  the  external 
envlronaent. 


Appendix  A 


This  appendix  lists  the  ceded  Ideatlflestlon, 
eotUBTlal  statletloe.  sod  raw  data  for  each  £ esplofed 
In  the  present  Inrestigation.  The  data  for  age,  eduea- 
tlon  and  bospltallzatten  are  siuaiarlzed  la  Table  1. 

for  purposes  of  coded  Idestlfloatloni  the  letter  H 
designates  the  Js  In  the  noiwpatlent  group,  the  letter  P 
Identifies  £s  In  the  pspohoaeorotle  group  and  the  letter 
3 Identifies  Js  in  the  sohlzophrenlo  group.  Per  each  of 
these  groups,  the  mabers  1 through  10  are  used  to  Identify 
those  3s  who  participated  In  the  eraluatlre  feedbaok 
situation  and  the  nuabers  11  through  20  Identify  ^s  Mio 
reeelved  non-evaluatlva  feedbaolc.  In  eaoh  of  Uiese  su^ 
groups,  the  first  5 nuabers  designate  sale  3a  and  the  second 
5 nuabers  designate  foale  Je. 

The  nuaerloal  olasslfloatlon  of  psyobopsthie  illness 
used  In  describing  patients  is  that  set  forth  In  the  1952 
edition  of  the  Aaerloan  Psyohlatrlo  Assoolatlon's 
and  Statistical  Haiiuel.  The  statistical  oodes  and  edulra- 
lent  rerbal  descriptions  used  In  this  appendix  are  as 
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Payohoneurotlo  Dlaordert 


OOO-XOl  Anzl«t7  ra«otlon. 

000-103  ConT«Fslen  reaetlen. 

000-x0<t  Phoble  raaotlon. 

000-105  ObBflSSlTe  oonpulalTe  reaction. 

OOO-XO6  DepreaelT*  reaction. 

Sohlsophrenlo  Baactlon 

000-121  Slople  reaction. 

000-X23  Catatonic  reaction. 

000-X24  Paranoid  reaction. 

000-125  doute  nndlffarentlated  reaotlon. 

000-125  Chronic  undifferentiated  reaction. 

000-12?  Sohlzo-affeotlre  reaction. 

The  data  for  each  S are  preaented  in  the  fom  auggeetad 
b?  Newaan  (1951)  aa  being  Boat  ueeful  in  the  analpala  of 
eerlea  of  blnarp  erenta.  The  frequeno?.  orer  5?  triale.  of 
the  16  poaaible  responee  tetrade  la  Hated  with  the  coded 
Identification  for  each  S.  These  frequenciea  aa;  be  oon- 
Terted  dlrectl;  to  logarithmic  equlralenta  and  aumaed  to 
obtain  the  Taluae  of  tetredlo  Information  neasiirea  as  dee- 
orlbed  in  Appendix  B and  reported  in  Table  2.  Triad  fre- 
quencies ma;  be  obtained  froa  these  Hate  b;  tuaalng  the 
frequano;  values  of  appropriate  tetrads.  Per  examplSi  the 
frequene;  of  ocourrenos  of  the  triad  BBS  aa;  be  obtained 
dlrectl;  b;  sunlng  the  frequencies  of  the  tetrads  R B B B 
and  B B B L.  This  same  procedure  aa;  be  extended  in  order  to 
obtain  the  frequencies  of  response  dieds  and  of  single  res- 
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AotuATlal  Oesorlptlon  of  Nonial  Subjooti 
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Cede  No.  a«x  Ago 

HI  H UJ 

H 2 H 1*7 

H 3 H 20 

H b H 27 

H 5 H 31 

H 6 F 

H 7 p 29 

N 8 P It9 

N 9 F 36 

NIO  P 22 

HU  H 27 

N12  H 46 

H13  N 36 

Nt4  H 42 

H15  H 23 

M16  F 20 

N17  P 31 

Nia  F 41 

N19  P 34 

N20  F 43 


Bduoaeion  Oaoupation 

16  Taaohor 

12  Salssman 

15  StudODt 

12  Clerk 

12  Fernar 

16  HourairlfB 

12  Bookkeeper 

12  aoueewlfe 

12  Clerk 

10  Bouteiflfe 

16  Student 

8 Truck  OrlTer 

12  Artlet 

12  Salenan 

16  Student 

12  Boueewlfe 

16  Student 

12  Houiewlfe 

12  SelesladF 

13  aoueevlfe 
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TABLE  7— Continued 

Aotuarlal  Description  of  Fipohonaurotlo  Subjects 

Code  Sex  Age  Eduo.  Ocoupetlon  Diagnosis  Days  In 
Ho.  Hospltai 


P 1 H 46 

P 2 X 41 

P 3 H 24 

P 4 H 36 

P 5 M 31 

P 6 P 27 

P 7 P 49 

PSP  33 
P 9 P 50 

PIO  P 23 

Pll  K 31 

P12  H 36 

P13  n 20 

P14  H 49 

PI5  K 41 

P16  P 33 

PI7  P 35 

P18  P 40 

P19  P 33 

P20  P 40 


16  Faraer 

12  Contractor 

12  UaeaploTad 
12  laborer 

11  Clark 

16  Housealfe 

12  Housewife 

12  Housewife 
10  Housewife 
16  Teacher 

13  Unaaploped 

13  Student 
16  Teacher 
12  Contraetor 
16  Houaewlfe 
12  Housewife 
16  Housewife 
16  Housewife 
10  Housewife 


000-X06  S? 
OOO-XO3  43 
000>X06  17 
OOO-XO6  22 
000^05  27 
000-X06  40 
000.X06  32 
OOO.XO5  70 
a00-X06  26 
OOO.X06  14 
OOO-XO6  36 
OOO-XO6  25 
OOO-XOl  23 
000>X05  71 
OOO-XO6  41 
000-X04  21 
OOO-XO6  35 
OOO.XO5  43 
OOO.XO6  60 
OOO-XO6  45 
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TABLE  ?— Contlnuad 


Aotuarlal  Description  of  Sohlzophrenlo  Subjects 


Cods  Sex  Age  Gduo.  Oeoupatlon  Dlegnesls  Dars  In 
So.  Hospital 


12  Clerk 
16  Teacher 


S 1 K If2 

8 2"  33 

8 3"  51 

S 4 H 22 

3 5"  28 

3 6 P 25 

8 7 P 2lf 

S 8 P 52 

3 9 P 92 

810  P 38 

811  M 21 

812  H 39 

313  " 91 

819  H 28 

815  " 53 

316  P 96 

817  P 29 

818  P 99 

819  f 33 


12  Salssnan 

13  3tudent 

12  Unesploped 

12  Heuseelfs 
16  Teacher 
16  Secretary 

15  Housealfe 
ID  Housevlfe 

13  Student 

16  Teacher 

12  Clerk 

16  Teacher 

13  Boueawlfe 
15  Housewife 
12  Housewife 

8 Housewife 
12  Bookkeeper 


000-X26  65 
000-X29  57 
000-X29  91 
OOO.X21  59 
000.X29  108 
000-X21  113 
000.X21  51 
000-X23  62 
000-X27  115 
000-X29  91 
000-X25  28 
OOO.X29  57 
aOO-X26  28 
000-X25  93 
000-X29  97 
900-X26  57 
000-X27  18 
000-X25  91 

ooa.x2i  95 
000-X29  89 
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Appsndl] 


Info^aatlon  theory  epeolfies  • quentltetlre  relatlon- 
■hlp  between  the  ameont  of  Inferaatlon  (S')  given  by  the 
ooourrenoe  of  an  event  and  the  nuBber  of  weye  (k)  in 
which  that  event  aay  ooour. 


H'  - Xogjk  (1) 

aquation  (1)  statee  that  the  value  of  H*  (infomatlon 
given  by  the  ooourrenoe  of  an  event)  ie  equal  to  the 
logarltha  of  k (the  nusber  of  waye  in  whloh  that  event 
nay  occur).  By  eonventlon>  log^  le  anployed  in  Infomatlon 
aeaeureaent  and  the  resulting  value  of  B*  le  eald  to  be 
erpreeeed  In  unite  of  binary  digits  or  *blta*  of  Infoma* 


The  utility  of  expressing  Infomatlon  aa  a bit  value 
based  on  the  logarlthalo  relationship  ean  be  seen  within 
the  oontezt  of  the  present  ezperlaent.  When  Jj  makes  a 
single  oholoa  between  two  buttonsi  he  may  exhibit  either 
of  two  outoonest  I«ft  (1)  or  Bight  (B).  The  bit  value  of 
Infomatlon  given  a single  eholoep  R’  (!)>  equals  log^B 
or  1 bit  of  Infomatlon.  A sequence  of  two  eholoss  say 
exhibit  any  of  the  four  outooBas.  BB, 


EiL,  LB,  LL.  The 
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bit  Tolua  Qf  Infenuitlen  glTcn  bj  two  oonseoutlTo 
oholooa*  B'  (1|2)  equals  loKj**  ^ bits  of  Information. 
Throe  oonseeutire  oholoes  exhibit  eight  possible  out. 
cooes.  Thus.  B'  <1.2.31  equals  logjS  or  J bits  of  In- 
formation. The  logarltholo  aaasure  assures  that  bit 
Talus  of  Information  (H*)  Is  a oonotonloalljr  Inorseslng 
funotlon  of  the  number  of  possible  outooaes  of  em 
erent  (k). 

Bjr  considering  the  ralues  of  variables  as  oTents,  It 
Is  posaiblo  to  generalise  Equation  1 to  Include  events 
with  anf  number  of  outcomes  and  to  oeasure  Information 
when  all  outo»ae  are  not  considered  to  be  equallf 
probable. 

Consider  first  the  equlprobable  ease  In  which  verl- 
able  X mar  assume  values  x^  where  1 • 1,2.. .....k.  Since 

all  values  of  x^  are  equallf  probable,  them 

H'(l>  m log2k 

In  the  equall;  probable  csss,  the  probability  of  any  par- 
ticular outoones  [p(x)]  Is  expressed  as  the  reolprooal 
of  the  number  of  events  In  z^,  thusi 

p(x)  - Vk. 

But,  H'(x)  ■ 10g2k 
Thus,  iPCx)  • -logjpjj^j 


ID 

(2) 


70 

In  th«  equnllr  probabla  oaia,  a'(x)  la  the  Infoxsatlon 
In  any  partieular  oatagory  of  the  Tarlabla  x,  and  at 
the  aaoe  tlaa  H'(x)  la  the  inforaatton  In  all  oatagorlaB 
of  Uiat  Tarlabla. 

Whan  the  oatagorlaa  of  x^  are  not  adually  probablei 
aquation  Z auat  be  aodlfled  In  auoh  a way  aa  to  aoooa- 
plldi  tm  purpoaaa.  Plrat.  It  suet  dlatlngulah  the  Infor- 
aatlon  In  any  one  category  of  x^  froa  the  average  Inforaa- 
tlon  In  all  x^.  Saeondt  It  aiuat  give  the  average  Inforca. 
tlon  for  all  x^  after  waleditlng  the  Inforaatlon  for  each 
x^  by  the  probability  of  ita  ooourrenee.  Shannon  and 
Weaver  (19t9)  have  ehoim  Idiet  Nhen  H'(x]  la  defined  aa  In 
Equation  3t 

H*(*)  --E  p(x>  logj  p(x).  (3) 

In  thla  equatloui  B'(x)  repreaents  the  average  asount  of 
Inforaatlon  contained  In  the  repeated  ooourrenoe  of  event 
x^  and  le  dependent  upon  both  the  nuabar  of  aaya  In  vhloh 
x^  can  occur  and  the  probabllltlee  aaeoclated  alth  each  of 
theee  ooourranoea. 

Univariate  Inforaatlon 

In  the  context  of  U)e  praeent  experlaent.  H'(x)  aay 
be  replaced  by  H*  (1)  signifying  the  average  aaount  of 
Inforaatlon  oontalned  In  a aequenoe  of  64  oonaecutlve  ras- 
poneea.  Aa  auoh,  the  value  of  H'  (1)  la  free  to  vary 
between  0 and  1 blta  of  inforaatlon  baceuee  any  given 
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response  aar  ooeur  In  slthar  of  two  ms7i  (!.«.>  Right 
or  l<«ft).  At  th«  MDS  tlBo,  th«  aetual  Talua  of  U*  (1) 
doponds  on  the  aotual  frequeneles  with  Mtloh  anf  8 die* 
tripled  hla  responaee  ower  the  entire  eequenoe  of 
trlale.  ThUB>  H’  (1)  la  a suaaar;  statistic  expressing 
the  amount  of  Information  oontalned  In  the  rslatlxe  fra- 
9Ueno7  distribution  of  single  responses  over  a aeries  of 
responses. 

In  order  to  extend  this  fora  of  enaljrsls  beyond  the 
single  response  lerel,  It  Is  necessary  to  establish  a 
system  for  enumerating  each  of  the  events  In  a response 
sequence.  Our  ultloats  interest  lies  In  exsislnlng  the 
relationships  between  any  reeponse  and  the  responses  which 
preeeded  it.  Therefore,  a backward  enumeration  la  con- 
venient In  which  the  last  response  Is  labeled  1,  Its  pre- 
decessor Is  labeled  2,  etc.  Thus,  a sequenoe  of  responses 
would  appear  as  n.a..b321.  In  this  notation,  B*  (1)  refers 
to  response  Information,  l.a.,  the  lest  event  In  s sequence. 
H*  (2}  refers  to  presoonse  Inforoatlon,  l.a.,  the  event 
inasdletsly  preceding  the  last  event  In  a seqiwnce.  H'  (3) 
refers  to  presponse  Information  twlee  removed  from  a given 
response.  H*  (b)  refers  to  presponse  information  removed  by 
three  events  froa  the  response. 

Kith  this  notation  In  Bind,  It  Is  possible  to  deteralna 
presponse  Information,  B'  (2),  by  treating  It  as  a variable, 
y,  with  values  y^  where  } m 1,2, 3. ..k.  By  analogy  with 
Equation  3 we  obtain. 


H'  (2) 


p(7)  logj  p(y>' 


W 


In  thta  aquatloni  H’(2]  rapreaanti  the  average  aaount 
of  Information  oontalned  in  a sequenoe  of  64  praeponsaa 
(ahen.  of  eourae.  thar  are  followed  by  64  raeponsea). 

By  axtenaion  of  the  abera  prooadurat  it  ia  poeiible 
to  ooaplete  the  analyaia  of  univariate  soureaa  of  informa- 
tion in  aequanoe  of  langUi  fours  B*  (3)  repraaents  infor. 
nation  eontained  in  preaponeea  twice  removed  froa  reaponaea, 
H'  (4)  repreaente  inferaetlon  contained  in  presponaea  re- 
moved by  three  aventa  fren  raaponaaa. 

Rultlvariata  Information 

In  addition  to  the  univariate  aaaaurea  of  infonustion 
daaoribed  abovoi  the  loint  oocuireijse  of  tiro  or  more  eventa 
in  a aequanoe  may  convey  information.  For  examplei  een- 
aldar  a aequanoe  of  reaponae  eventa  generated  by  aiaple 
altamationi  S,  L,  B,  L,  ..,.n.  In  auoh  a aequanoe,  each 
reaponae  ia  equally  frequents  thua  B'  (1)  aaaunea  a naxiiDua 
value.  Given  any  reaponae,  ita  imaedlate  predeceaaor  will 
be  B or  L srlth  equal  frequency.  Thua  H*  (2)  will  be  naxl- 
muD.  However,  the  Joint  ooourrenoe  of  a preaponae-reaponae 
diad  will  not  generate  all  poaaibla  valuea  of  thla  bivariate 
diatribution.  Half  of  all  valuea  will  be  R,  L,  The  other 
half  of  valued  srill  be  L,  B.  The  valuea  B,  B and  L,  L 
will  never  ooour  in  a aisple  alternation  eaquenoe.  Thua, 
the  bivariate  expreaaion  of  infomatlen  may  differ  froa  ita 
univariate  conponanta. 
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The  bit  value  of  bivariate  aouroes  of  inforsation 
maf  be  ooaputed  by  extending  the  teohniqua  eaployed  for 
univariate  oonputation.  In  the  bivariate  oaeoi  let 
H’  <1]  be  treated  as  a variable,  z vlth  values  x^  lAiere 
i “ i>2i3,,,k.  Let  B'  (Z)  be  treated  aa  a variable,  y, 
with  values  y^  ahere  ] m 1,2, ..k.  By  extension  of 
Squation  3 «e  obtaini 

a*  {1.2)  -'ij  p (ly)  logg  p(xT)  (5) 

In  Equation  5,  H'  (1,2)  represents  the  aaount  of  Inforaa- 
tlon  oontalned  in  the  Joint  ooourrenee  of  preaponae. 
reaponae  dlads  over  the  eourae  of  a aeriea  of  triale. 

By  analogy  with  Equation  5 It  is  poasible  to  obtain 
values  for  eaoh  of  the  eleven  bivariate,  trivariate,  and 
quadrlvariate  aouroes  of  inforoatlon  that  may  exist  in 
the  analysis  of  sequanoe  of  four  events. 

The  heasureaent  of  Multivariate  Inforaation 

In  the  preoeding  aaetlon,  it  waa  noted  that  the  aaount 
of  infomation  in  a aultivarlate  expression  nay  differ  froa 
the  siin  of  infomation  given  by  its  univariate  ooaponenta. 
This  inequality  aay  be  used  to  generate  additional  infor. 
nation  neasures  which  reveal  the  nature  of  sequential 
ordering  in  a series  of  events. 

If  responses  are  totally  independent  of  presponsss, 
the  aaount  of  infomation  given  by  their  Joint  ooourrenoe 
should  be  equal  to  the  sun  of  their  individual  Infonrationt 


fora  of  Indspan- 


l.a.,  H'  (1)  f a'  (2)  - B'  This 

denea  Is  azampliflad  h?  a aaquantlalljr  randoa  scries  of 
Bight  and  I«rt  oholoes  In  whleh  all  prasi>onaeSt  reiponaes 
and  presponse-rcsponsa  dlada  ooour  with  equal  fraquanoy. 

Ifi  on  the  other  hand,  responses  are  sequentlallT  de- 
pendent on  prasponsea,  then  B'  (1)  + B'  (2)  > B'  (1,2). 
Letting  T*  {1|2)  stand  for  this  InequalltT,  se  derive 
the  equation 

T'  <1J2»  - B>  (1)  ♦ B'  (2)  - H'  (1,2)  (6) 

In  shloh  T'  (1|2)  represents  (In  *blt*  units  of  Infoma- 
tlon)  the  anount  of  redundancy  or  sequential  nonstralnt 
that  exists  hetHeen  presponsas  and  responses. 

Sequential  oonstralnt  batman  presponses  and  responses 
refleets  the  ertent  to  which  an  Individual  Is  Influenoed  by 
his  own  previous  behavior.  This  Influenee  Is  sanlfested  In 
the  aaount  by  irtiloh  H*  (1,2)  < B'  (1)  * H'  (2).  When  this 
Influenoe  Is  persistent  over  the  oourse  of  a perforoanee, 
the  value  of  sequential  constraint  Masuree  will  be  Ugh. 
If,  on  the  other  hand,  sequential  ordering  drops  toward 
randomness,  then  Infematlon  neasuras  of  oonstralnt 
approach  zero.  Because  of  the  equivalence  of  oonstralnt 
and  sequential  ordering.  It  Is  possible  to  Interpret 
oeasures  like  T'  (1|2)  as  estimates  of  predlotablllty. 

Thus,  the  bit  value  of  T*  (1|2)  represents  both  the  sequeib 
tlal  constraint  between  presponses  and  responses  and  the 
predlotablllty  of  responses  from  preaponses. 


RetponM  pndletablllty  may  ba  InereaMd  br  a 
imowltdga  of  mora  than  ona  praeponM.  Tha  eeapotatlon 


of  aora  eoaplaz  aouroas  of  pradlotabllitjr  la  aocoapllahad 
^ alaboratlng  Eduation  6,  For  ezaaples 

T'  (1|231  - H*  (11  ♦ H*  (2)  4 H*  (3)  . H-  (1,2,3)  (7) 

whara  T*  (1|23)  rapraaecta  tba  averaea  prediotabllltT’  of 
a rasponaa  glaan  bjr  tha  InforBatlon  oontalnad  In  tha 
joint  ooourrance  of  Ita  flrat  and  aeosnd  praaponaaa. 

Equation  7 ganarataa  the  Infoniatlon  7alua  of  pra> 
dlotabllitjr  for  tha  joint  oaouzTenoe  of  preaponae  arenta 
2 and  3,  In  order  to  apaelff  the  oenatraint  between  3 
(a  preaponae  onoa  raaowad)  and  the  reeponaa,  1,  It  la 
naoaaaarp  to  raiUTa  the  Interaotlre  effeot  of  2 with  3. 

T'j  (l;3)  - T'  (1|23)  - r*  (1|2> 

where  T'2  (ls3)  repraaanta  tha  oonatralnt  between  raeponaaa 
and  preaponaea  onoa  raaoTed  with  tha  Intarranlnq  preaponae 
held  oenatraiint.  Stated  In  a dlffarant  wa;, 

T'  (1|23)  - T'  {I|2)  4 T'2  (1|3>, 
that  la,  reeponaa  predlotabllltf  darlTad  fros  the  joint 
ooourrenoa  of  two  preaponaea  la  equal  to  the  aun  of  tha 
predlotabllltles  frea  each  preaponae  alone. 

Bible  to  derive  a axianarr  atatlatlo  which  oharaoterlaed 


all 
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of  ttia  saquantial  eonatralnt  In  a aequenoo  of  aranta. 

Sarnar  (1962)  haa  oallad  thla  BeBaurei  "Total  aaquan- 
tlal  oonatralnt,"  and  ahawn  that  lb  eonalata  of  the  bus 
of  all  raaponsa  pradlotahllltlaa  aa  followai 

T'(l|2i3th)  » T*(l|2>  + T'{1|23)  + T•(l|2^'^) 

Tha  bit  TBlne  of  T'  (l|2«3|h]  reprasaats  tha  total  aaquan. 
tlal  oonstralnt  In  a serlaa  of  preaponaaa  and  raapentea 
dua  to  the  effaota  of  eonatralnt  batwaen  and  aaong  tha 
Tarloua  erantB  In  the  aaquanee  of  four  trlada. 

Table  2 raporta  the  bit  Talue  of  T'  (I|2j3|4)  for 
the  data  froB  the  preaent  InTaatigatlon. 

The  AnalTala  of  Hultlearlate  Infomatlon  Maaauraa 

It  la  poaalbla  to  partition  total  sequential  oonstralnt 
Into  Its  oonponant  partsi 

T*(l|2j3t4>  - TMl|2)  * T*(U23>  ♦ T'{l|23tt) 

T'(ll23h)  . T'jjdjb)  ♦ T'<1|23) 

T>(1|23)  - T'adlS)  * TM1|2) 

This  partitioning  allows  sxaet  apeolfloatlona  of  response 
prediotablllt;  based  on  eaoh  of  three  prasponses  alonai 
T*  <1|2),  T'2(1|3>>  and  In  addition,  partl> 

tlonlng  allows  speolfleatlon  of  rasponaa  pradlotablllt; 
based  on  the  Joint  ooourrenoe  of  two  or  Bora  reaponaesa 
T>  d|23).  and  T'  d|234).  Thus,  It  la  possible  to  spaelf; 
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tha  responae  predlotablllt;  <ln  bits  of  InforBabion)  that 
is  aaaoelatad  with  eaoh  of  the  follonln^  nultlTarlata 
Bouroes  of  Inforaatlen. 


T*  (1|2)  Beaponaa  pradlstabllltj  aaaoelatad  «lUi 

the  iamedlate  preaponea  alone* 

1*2  {1(3)  Beaponaa  predletabllltj  aaaoelatad  with 

tha  preaponae  ramoTed  br  one  eventi 
l*a.*  tha  aaoond  preaponae  alone* 

dl'^}  Beaponaa  predlotabllitr  aaaoolated  alth 

the  praaponaa  raaoved  b;  two  eventat 
l.e*t  tha  third  praaponaa  alone. 


f (1|23> 


Beaponaa  pradlstablllty  aaaosleted  with 
tha  Joint  ooourranoa  of  the  flrat  and 
aaoond  praaponaaa* 


T'  (1(234)  Beaponaa  pradlotablllty  aaaoolated  with 
the  Joint  ooourrenee  of  tha  flrat* 
aaoond,  and  third  preB(»nBeB. 
rhe  reault  of  auoh  a partitioning  of  data  froa  tha 
preaent  Inraetlgatlon  la  reported  In  Table  2. 


Tha  Aepaptotlo  Dlatrlbutlon  of  Information  Keaeuraa 

KeOlll  (193^)  haa  ahown  that  bit  valuaa  for  both  B> 
and  T*  meaeurea  are  related  to  In  auoh  a way  that,  when 
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X*  » 1.3863  » X T*  (or  H'), 

He  also  has  shown  that,  when  k e<ituils  the  maber  of 
eltematlTe  outoones  whloh  • Terlable  aa?  assuae,  ^ for 
testing  )C^  are  equal  to  k - 1.  Thus.  It  It  possible  to 
teet  the  null  hypothesis  that  any  obaerred  Talue  of  H’ 
or  I'  Is  xero.  Bejeotlon  of  this  hypothesis  peralts  In- 
ferenoes  that  the  partleular  presponse-respenss  relatleiv* 
ship  tested  contains  a statistically  significant  anount 
of  Information. 

The  relationship  between  Information  asasures  and 
X^  also  proTldes  a teat  for  the  statlatloal  slgnlfloanos 
of  differences  between  palra  of  Talces  of  H'  or  T'.  The 
ratio  of  two  values  of  X^,  eaoh  dlTlded  by  Its  Is 
distributed  as  P.  By  transforming  values  of  H*  and  T' 
to  their  X^  approximations,  it  Is  possible  to  employ  the 
P distribution  as  a statistical  test  for  the  signlfloanoo 
of  dlfferenoes  between  Information  measures. 

Table  3 reports  the  T values  for  comparisons  of  total 
sequential  oonstrelnt.  T*  (l|2|3|t)]  between  the  ttiree 
diagnostic  groups  and  the  three  experimental  conditions 
employed  In  the  present  Investigation. 
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